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INTRODUCTION 



I'l Scope 

This General Design Specification is intended to define the 
common properties and characteristics of Processor Models PI 
through P^^ and Central Memory Models-i ME through MM which 
constitute major firmware/hardware components of the Integrated 
Product Line. Included in this model independent specification 
is the description of the Virtual Memory Mechanism commonly 
applicable to these major system components. 

1-B Applicable Documents 

IPL Architectural Definition 
loss Model Independent GDS 
IPLOS GDS 

1-3 Configurations 

The IPL architecture shall allow substantial flexibility in the 
interconnection of the basic elements of an IPL computer system. 
These elements shall consist of central processors-i central 
memories and I/O subsystems. 

For purposes of this specif icationn IPL processors will be referred 
I to as processors -CPJ. Where differentiation between the four 
models is requiredn they will be referred to as P li P 2n P 3n or PM- 

Likewisen central memory will be referred to as memory -CM>. Where 
differentiation between the three models is requiredn they will 
be referred to as MEt M3 or MM. 

The Processors and their associated memories will be divided into 
two categories: lower IPL and upper IPL- 



Transmission of data between central memories -CMEt M3 or MM> 
and upper IPL central processors -CPEt P3 or PMl shall occur over 
compatiblen bM-bit wide data buses- Enforcement of bus compati- 
bility across the three models will allow any of these processors 
■CPBn P3t Pm to be connected to any of the memories -CMEt M3t Mm. 

Transmission of data between central memories -CMEt i13t Mm and the 
lower IPL processor^ -CPll^ shall likewise occur over 
compatible data buses with a reduction in width to 3E bits- 
Compatibility in the design of these buses will allow the lower 
IPL processoPn -CPl}., to be connected to any central memory 
•CME-, M3 or MMl- 

1.3.E Interelement Transfer Rates 

The maximum transfer rate over the data buses shall be bM bits 
or 3E bits every Sb nsec -Cread silL write} for a tM-bit or a 3E— 
bit data busi respectively. This maximum data transfer rate 
shall be determined by central memory and shall be the same for 
all three central memory modelsn MBn M3 and MM- The difference 
between these models shall be primarily in cap acityi number of 
available portsn and the number of banks for minimizing conflicts. 

The characteristics of each central memory model are summarized 
as follows: 



Model 


Capacity 
M bytes 

1-M 


bM-bit 
Ports 

E 


3E-bit 
Ports 

M 


Number of 
Banks 


ME 


fi-lb 


M3 


E-6 


M 


a 


lb-3E 


MM 


M-lb 


4 


lb 


3E-bM 



The lower IPL processor-i designated as Pin is intended to be used 
primarily as an I/O processor in configurations which include one 
or more of the Processorsn PEi P3t or PM- 



1.3.1 Interelement Transfer Paths 

All data transfers between processors shall be via central memory. 



M«mi 



1.3.3 Interelement Connection Alternatives 

Each of the upper IPL central processors -CPEt P3 or PM} shall 
I provide the means for accommodating two bM-bit ports for attaching 
two memory buses- This feature will allow for a processor-4:o- have 
either a redundant {backup} data path to the same memory or indi- 
vidual connections to two independent memories. 
For the same reason-i the lower IPL processorn Pit shall provide 
the means for accommodating two 3E-bit ports for attaching two 



memory buses- 
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Each of the IPL processors -CPl through P4} shall provide the 

means for accommodating two interfaces for connection to two 

Service Processors -CSPsJn one activen the second as backup. 

The SP shall serve as the programmable maintenance facility 
for these processors. 

The multiple bM-bit and 32-bit ports within each of the memory 
models provides the means for several processors to share the 
same memory-, thus allowing a substantial degree of flexibility 
in memory and processor configuration alternatives- Typical 
examples are illustrated in Figures 1.3-ln 1.3-2 and 1-3-3. 

Note: The maximum one-way-, electrical distance between inter- 
connected IPL processors and central memories shall not 
exceed 2 clock cycles of propagation delay for m-bit buses 
and shall not exceed 3 clock cycles of propagation delay for 
32-bit buses. See M.7- 



General Timing Considerations 

Within each processor-, instruction execution shall be "con- 
ceptually serialized-" Although central memory and register 
references may occur out of order-. -Cto whatever degree re- 
quired by a processor's model — dependent implemention in the 
achievement of its cost/performance goals!-, the results from 
each of the associated instructionsi as observed by the pro- 
iiessor performing their execution-, shall be the same as if 
such instructions were actually executed in a serialized 
fashion -Ci-e.-i each instruction's execution would be completed 
before the execution of any subsequent instructions would 
begin-> The single exception to this concept shall occur in 

I the case of self-modifying programs as stated in paragraph 

j 2-1-2 of this specification- 
Processor operations shall be further serialized-, as observed 
by other processors-, only to the extent that the function 
referred to as "serialization" is included within the execution 
of certain instructions as described in section 2-li of this 
specification- 
Program interruptions shall occur between the execution of 
instructions-, and with timing precision relative to the cause 

I of such interruptions-, to the extent specified in section 2-fi 

I of this specification. 
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Figure 1-3-1: 



Example of a Single Central Processor Configuration 

Note: See 2-lD-l-l for a description of processor 

port selection with respect to redundant paths 
to central memory- 
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Figure 1-3-2: Example of a Dual Central Processor Configuration 
NOTE: SP interfaces are not shown 
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Figure 1-3-3: Example of a Multiple Central Processor System 

Note: SP interfaces are not shown# 

See S-lD.1-1 for a description of central memory 
unit selection- 
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2.1 



2.1.1 



Processor 

Processor Models PI through PM shall provide the means for reading 
and translating each of the instruction codes contained in the 
instruction repertoirei as well as performing the corresponding 
execution of these instructions as defined by the descriptions 
contained in this specif ication- 

In order to accomplish instruction fetch and execution! each pro- 
cessor shall additionally provide the means for referencing cen- 
tral memory. Central memory references shall be performed either 
in virtual mode-i which shall include the address translation and 
protection facilities as described in Sections 3-0 through 3-b 
of this specif ication-i or in real mode which shall involve neither 
address translation nor protection facilities as described in 
subparagraph 2.1-1.1 of this specification. 

General Description 

For the purposes of this specification the operation codes from 
the instruction repertoire shall be divided into four groups of 
instructions referred to as the General Instructions! the Bus- 
iness Data Processing Instructions-i the Floating Point Instruc- 
tions! and the System Instructions. In addition to central 
memory-i addressed in virtual or real mode-i the execution of the 
instructions within the first three of these instruction groupsn 
namely the Generaln BDPn and Fit. Pt. Instructions! shall re- 
quire the means to reference general containers referred to as 
the P Register! the A Registers! and the X Registers. Also! 
the means for detecting and indicating exceptional conditions! 
which may occur in the course of executing these instructions! 
shall be provided in accordance with the appropriate instruction 
descriptions contained in this specification. 

The fourth group! namely the System Instructions! shall addi- 
tionally require the means to reference special containers 
referred to as the Processor State Registers! Process StatP 
Registers! and Memory Maintenance Registers in accordance with the 
appropriate descriptions contained within sections 2.S and 2.ti 
of this specification. 

General Registers 

The means for referencing a total of 33 General Registers shall 
be provided. 
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2.1.1.1 P Register 



The Program Address Register! referred to simply as the P Reg- 
ister! shall consist of bM bitS! numbered from left to right! 
beginning with bit position DD. Conceptually! the P Register 
shall contain the Process Virtual Address! PVA! of an instruc- 
tion in central memory during the time it is read ! interpreted ! 
and executed by the processor. Similarly! the P Register shall con- 
tain "Keys" to central memory during each instruction's execution. 
The contents of the P Register shall be formatted as follows: 
where the RN -CRing Number>! SEG -CSegmentl and BN -CByte Number} 
fields are individually described within Section 3-2 of this 
specification^and the GK -CGlobal Key> and LK -CLocal Key> fields are 
individually described within paragraph 3.b.3 of this specification! 
with respect to virtual addressing mode. 



DD 


02 


Dfi 


ID 




lb 


2D 


32 






b3 


D D 


GK 


D D 


LK 


RN 


SEG 


BN 1 
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-^ 
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12 




-PVA- 


32 
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ys 



Uith respect to real addressing mode! only the BN field from the P 
Register shall be used- As a result of not utilizing the GKi 
LK! RN and SEG fields! neither address translation nor protection 
checking shall be performed and the BN field from the PVA shall be 
used directly as the real memory address -CRMAl- The format of an 
RMA is described in Paragraph 3-1.3 of this specification- 

2-1.1-2 A Registers 

The sixteen A Registers! referred to as the AD Register through 
the AF Register -Cusing hexadecimal notation!-! shall consist of 
Mfi bits each! identical in format to the rightmost MS bits of the 

I P Register as just previously described, with respect to both real 

I and virtual addressing modes. 
Note- Although these address registers avGi intended for general 
use in explicitly supplying such PVA's as may be required for 
branch -Cjump} and operand references to central memory! an 
aggregate of eight A Registers! -Cnamely! AD through A?}^ shall be 
implicitly utilized during BDP and CALL instruction executions as 
described in Sections 2.3 and 2-L! respectively! of this speci- 
ficationu 
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S.1.1.3 X Registers 



S.l.S 



The sixteen X Registers! referred to as the XD Register through 
the XF Register -Cusing hexadecimal notation>i shall consist of 
bM bits each with their bit positions numbered from left to 
righti beginning with bit position DOi as follows: 



DO 


31 


3S 


.bI 


3S bits 


3S bits [ 


S V Pnni'^-l-nr 1 of*- ^ 
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The bM-bit contents of an X Register may be treated as' a logical 
quantity-, a signed binary integeri or a signed floating point 
number- Bit string-, byte stringi 3S-bit halfword -Cright- 
justif ied in bit positions 3S through tj3>-. and bM-bit word 
operations shall be provided for the contents of the X. Registers. 

Note. Although these operand registers are intended for general 
use in explicitly supplying such operands as may be required for 
accomplishing the execution of a majority of instructions! the 
first two X Registers-. -Cnamelyi XD and Xlli shall be implicitly 
utilized during certain instructions which require additional 
input arguments or execution results- In these cases-. Register 
XD Right shall normally be used to supply additional input 
parameters to instruction execution and Register XI Right shall 
be utilized to receive additional results from instruction ex- 
ecution- Uhenever applicable-, the instruction descriptions 
contained in this specification will fully define all register 
utilizations which shall be implicit in nature-, including those 
cases in which the contents of Register XD shall be interpreted 
as consisting-, partially or entirely-, of zeros- 
Instructions 

Instructions shall be lb bits or 3S-bits in length-, according v 
I one of the six formats described in the following sub-paragra 



MIEIPMI 



S.l-S-l 



S.1.S.3 



Programmed modification of the instructions comprising a stored 
program in central memory may lead to undefined results- 

Formats j k i D and S j k i D 



Operation Code 


J 


k 


i 


D 


fi 


M 


M 


M 


IS 


Operation 
Code 


S 


J 


k 


i 


D 



s 3 H ^ M IS 

For these 3S-bit instruction formats: the j-. k-. and i fields 
shall provide register designations-, the D field shall provide 
either a signed shift count-, a positive displacement* or a bit- 
string descriptor-, and the S field shall provide a sub-operation 
code* 



S-l-S-S Format j k 



Operation Code 


j 


k 



fi ^ M 

For this lb-bit instruction format-, the j field shall provide 
a register designation-, a sub-operation codei or an immediate 
operand value and the k field shall provide a register des- 
ignation- 
Formats j k (2 and S j k (2 
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For these 3S-bit instruction formatsi the j and k fields shall 
provide register designations or sub-operation codes- The It- 
bit (2 field shall provide a signed displacement or an immediate 
operand value- The S field shall provide a sub-operation cada- 



5.1.S.M Format j k (3/S 



Operation Code 



a 



It 



For this 32-bit instruction formati the j and k fields shall 
provide 2 register designations each and the It-bit CI field 
shall provide 2 separate displacement values of fl bits each- 
This instruction format shall be used exclusively by the in- 
structions in the BDP Instruction group and the definition of 
the manner in which the fields from instructions of this format 
are usedn is detailed in Section 2-3 of this specif ication- 



2-I-2-S Access 



Instruction accesses shall be confined to byte addresses which 
are Di modulo 2- Thusn values which have a one bit in position 
b3 shall be detected at the time an attempt is made to transfer 
such values into the P Registern and Address Specification error 
shall be detectedn and the corresponding program interruption 
shall occur. 

For the purpose of establishing central memory access validation-, 
the reading of every instruction shall be an Execute type access, 
yhen specifically included within an instruction's description-, 
the appropriate central memory access-, performed for the purpose 
of fetching the instruction to be subsequently executed-, shall be 
execute validated! provided such a reference occurs in virtual 
addressing mode. Execute type accesses shall use the ring number 
contained in the P Register for access validation. 
The access validation procedure-, which requires the classifi- 
cation of central memory accesses into read-, write-, execute-, 
and call types-, is described in Section 3-ti of this specification- 
As part of the Virtual Memory Mechanism-, this validation 
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2.1.2.b 



procedure is intended to provide hardware assistance in satis- 
fying the requirements for privacy and protection of information 
stored in central memory-, while simultaneously sustaining the 
ability of various processes to share central memory information 
to varying degrees-, for varying purposes. 

With respect to "demand page" interrupts -CPage Table Search uithoMi*. 
Find conditions as described in subparagraph 2.6.1-10 of this spec- 
ification} the fetching of an instruction shall be considered as 
part of that instruction's execution. This shall apply even when 
the instruction fetch is immediately preceded by a branch exit -Cas 
described in paragraph 2.2-3 of this specification} on the part of 
the previous instruction- Thusi with respect to demand paging-, the 
execution of an instruction shall never include the fetching of the 
next instruction to be executed. 

Unused Bits 

Uhen one or more bits from an instruction are unusedn i-e-n their 
value-Cs} and associated function-Cs> are not specified within the 
instruction descriptionn the execution of these instructions shall 
not be affected by the values of these bits. Howeveri it is re- 
commended that such bits are equal to zeroes. 



2.1-2.7 Nomenclature 



Throughout the instruction cfescriptions contained in this speci- 
fication! the following conventions shall be used with respect 
to nomenclature. 

a. The expressions "Register Aj" and "the Aj Register" shall 
be used interchangeably to denote the Mfl-bit A Register 
specified by the 4-bit j field from an instruction^ Thus-. 
"Aj" shall denote one of the sixteen A Registers-. AD through 
AF -tin hexadecimal notation} corresponding to j field values 
of D through IS -tin decimal notation}-, respectively. 

The M-bit k field from an instruction shall be interpreted 
in a manner identical to the j field -Cas just described} 
with respect to the interchangeable expressions "Register 
Ak" and "the Ak Register." 

b. The expressions "Register Xj" and "the Xj Register^ shall 
be used interchangeably to denote the bM-bit X Register 
specified by the M-bit j field, from an instruction- Thus-. 
"Xj" shall denote one of the sixteen X Registers-, XD through 
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XF -Cin hexadecimal notation! corresponding to j field 
values of D through IS -tin decimal notation!-, respectively. 

The M-bit k field from an instruction shall be interpreted 
in a manner identical to the j field -Cas just describedJ 
with respect to the interchangeable expressions "Reqister 
Xk" and "the Xk Register." 




Parentheses shall be used within instruction names to 
denote "the contents of". 

Units of information shall be referred to as bytes -Cfl 
bits>i parcels -Clt bits}-, halfwords {32 bits> or words 
■CtM bits> with the following numbering conventions: 



Bits 

Bytes 
Parcels 
Halfwords 
Word 



D 1„ 




Ib- 



24- 

a . 3 
1 



32->40->:iia">S 



2 



t 7 

3 



OD 



> 



hi 



Note.: Alphanumeric -Cincluding decimal! and floating point 
data formats are illustrated in Sections 2.3 and 2. Mi 
respectively of this specification. 

Address Arithmetic 

Address arithmetic operations-, referred to as "indexing" 
and "displacement!" shall be performed on signed-, 32-bit 
integers using 2's complement addition without overflou 
detection. 
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2.1.m| Address Exception 

Uhen the leftmost bit of the BN field-, -Cposition 32!-, in any PVA is 
equal to a one at the time it is used to access central memoryi an 
Address Specification error shall be detected-, the central memory 
access shall be inhibited-, and the corresponding program interruption 
shall occur. 

B.],.S ■ Instruction Reference Numbers 

Mote: The descriptions for all instructions-, or sub-groups of in- 
structions-, shall include the name-, reference number and field design- 
ators for each individual instruction. 

Reference numbers for each instruction shall consist of three digits 
and shall correspond to the associated instruction's entry in Appendix 
A of this specification. 

2.2 General Instructions 

For the purpose of this specification-, the instructions comprising the 
General Instruction group shall be further classified-, according to 
function-, as described by the titles for paragraph numbers 2.2.1 
through 2.2.11 of this specification. 

For the applicable instructions in this subgroup-, as well as the in* 
s?ructions^n the BDP group. -[Section 2.3}n "false" exception conditions 
shall not be detected as a result of interpreting any PVA for which 
the associated central memory data field has a length equal to zero. 

2-2.1 Load and Store 

This sub-group of instructions shall provide the means for transferring 
data-, in the form of a single bit-, a byte string-, a bM-bit word-, or 
multiple bM-bit words between one or more Registers and one or more 
locations in central memory as specified by the individual operation 
codes. 

For the purpose of establishing operand access validity for the assoc- 
iated central memory read and write accesses-, the ring number used for 
validation shall be the value of the ring number contained in bit 
positions lb through IT of the associated A Register- Access validation 
shall occur in Virtual Addressing Mode only. 

The central memory operand access types shall be read-access for any 
instruction which loads an A or X register-, and write-access for any 
instruction which stores an A or X register- 
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Instructions which transfer data from one or more Registers to 
central memory-i -Cnamely-i Store instructions}-! shall not alter 
the contents of any Register which serves as a source of the 
data to be transferred to central memory. 

2-2. 1.1 Load/Store Bytes-i XKi Length Per S 

a. Load Bytes to Xk from -CAJ3- displaced by D and indexed by 
•CXiJRighti Length Per S 

DDl SjkiD 

b. ^J-Ofld Bytes to^ frpflTNCAjJxtfiflft^ac^jd'^By^^^ 

c- Store Bytes from Xk at -CAjJ displaced by D and indexed by 
•CXiJ Rightn Length Per S 
DD3 S jkiD 



2.2.1.2 



Displacement and Indexing: The 32-bit halfword obtained from 
register Xi Right and the 32-bit quantity obtained by left- 
extending the D field with zeroes shall be added to the right- 
most 32 bits of the PVA obtained from the Aj R egister. In 
this context-i the contents of the XD Register shall be inter- 
preted as consisting of all zeroes. 

Displacement: The (2 field from the instruction shall be 
expanded to 32 bits by means of sign extension and the 32-bit 
result shall be added to the rightmost 32 bits of the PVA 
obtained from the Aj Register. 

Load/Store Uordi Xk 

a. Load Xk from -CAj> displaced by fl*D and indexed by fl*-CXi> Right 
DOS jkiD 










Operation: These instructions shall transfer a field of bytes 
between Register Xk and a byte field in central memory- The 
direction of transfer is determined by the operation code-i and 
the length of the byte field to be transferred shall be deter- 
mined by adding one to the value obtained from the S-field of 
the instruction- The bytes in Register Xk shall be right- 
justified-i so that the appropriate le ft-^most bvte positio iiS-J.n 
R egister Xk shall be cleared for loa? instructions wi th lengths 
le^s than eight- i ana the appropriate lef>t-most pyte pDSitioiis 
within the xk keaister shall not be transferred for store I n- 
structions with lencjths less than eignt . "" 

Addressing: The beginning -Cthe leftmost byte position} of the 
byte string in central memory shall be determined by means of 
the PV^ obtained from the Aj Ragisteri modified by a byte item 
count determined as follows: 



c. Store Xk at -CAj} displaced by fi*D and indexed by a*-CXi} Right 

DD7 jkiD 

d. Store Xk at -CAj} displaced by fi*(3 

DDfl jkfl 

Operation: These instructions shall transfer a word between 
Register Xk and a word location in central memory. The direction 
of transfer shall be determined by the operation code. 

Addressing: The item location in central memory shall be 
determined by means of the PVA obtained from register Aj 
modified by a 32-bit quantity calculated as follows: 

Displacement and Indexing: The 32-bit halfword obtained from 
register Xi Right shall be shifted left 3 bit positionsn end- 
off with zeroes insertedi the 12-bit quantity obtained from 
the D field of the instruction shall be expanded to 21 bits 
by inserting zeroes on the left and shall then be shifted left 
3 bit positions with zeroes inserted on the right- The two 
32-bit quantities resulting from these operations shall then 
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2.E.1.3 



be added to the rightmost 32 bits of the PVA obtained from the 
Aj register. In this contextn the contents of register XD 
shall be interpreted as consisting of all zeroes- 

Displacement: The (2 field from the instruction shall be expanded 
to ET bits by means of sign extension-, and shall then be shifted 
left 3 bit positions with zeroes inserted on the right. The 32- 
bit result shall then be added to the rightmost 32 bits of the 
PVA obtained from the Aj register- 
Notes: Unless the PVA from the Aj Register consists of a 
byte address which is G modulo a-, an Address Specification error 
shall occur-, the loading or storing of the Xk register shall be 
inhibited-i and the corresponding program interruption shall 
take place- 
Load/Store Bytesi Xkn Length Per XD 

a- Load Bytes to Xk from -CAjJ displaced by J> and indexed by 
•CXi> Right-. Length Per XD 
DDT jkiD 



c- Store Bytes from Xk at -CAjJ displaced by P and indexed by 
-CXi> Righti Length Per XD 
Dll jkiD 

d. Store Bytes from Xk at -CAj} displaced by Qt Length Per XD 
D12 jkfl 

Operation: These instructions shall transfer a field of bytes 
between Register Xk and a byte field in central memory with 
the direction of the transfer determined by. the operatiftn code- 
The length of the byte field shall be determined by the con- 
tents of Register XD Right. 

yhen the length is equal to zero-, these instructions shall result 
m no operation, y^g^ the length is greater than eight-, .art 
Instruction Specification error shall be detected-, loading or 
I storing of 



the Xk Register shall be inhibitGdn and the corresponding 
program interruption shall occur- The bytes 

in Register Xk shall be right- justified so that the 




han eight. 

Addressing: Identical to that described in Section 2-2.1-1 

B'2'l'H Load Bytes-. Xki Length Per j 

a- Load Bytes to Xk from •£?> displaced by (2 -i Length per j 
D13 jkC 

Operation: This instruction shall transfer a field of bytes 
' from central memory to register Xk- The length of the byte 
field shall be determined by the j-field- In all other^ 
respects-, the operation is identical to that described in 
• 2.2-1.3- 

Addressing: The beginning -Cthe leftmost byte position} of the 
byte field in central memory shall be determined by expanding 
the fl field to 32 bits by means of sign extension and then 
adding the result to the rightmost 32 bits of the PVA obtained 
from the P Register- 

2.2.1.5 Load/Store Bit-. Xk 

a- Load Bit to Xk from -CAjl displaced by (2 and bit indexed 
by -CXDJ Right 
DIM jkfi . 

b. Store Bit from Xk at -CAjJ displaced by (2 and bit indexed 
by -CXDJ Right 
DIS jk(2 
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Operation: These instructions shall transfer a single bit 
between Register Xk Rightn bit position t3-i and a bit position 
in central memoryn with the direction of the transfer deter- 
mined by the operation code- Additionally-! the load instruction 
shall clear the Xk Register in its leftmost t3 bit positionsn 
DO through bE - 



Addressing: The 
position to be 1 
by means of the 
follows: The 3E 
shall be shifted 
extension on the 
shall be expande 
two 3S-bit resul 
bits of the PVA 



byte in central memoryn containing the bit 
oaded from or stored inton shall be addressed 
PVA contained in the Aj Register modified as 
bit halfword obtained from Register XD Right 
right three bit positionsn end-off with sign 
left-i and the d field from the instruction 
d to 3E bits by means of sign extension- These 
ts shall then be added to the rightmost 3E 
obtained from the Aj Register. 



Bit Selection: The bit position within the addressed byte in 
central memory shall be selected by means of the rightmost 
three bits obtained from Register XD Right-i bit positions 
tl through t3 - Values from D through 7 for these three bits 
shall select the corresponding bit positionn D through 7 
within the central memory byte- 

Note: The instruction which transfers a bit to central memory 

shall accomplish the associated central memory operations 
in a non-preemptive mannern i*e-i the byte containing the 
bit to be stored shall be readn modified in the appropriate 
bit position to the extent requiredi and then written such 
that no other accesses to the addressed byte shall be per- 
mitted between these read and write accesses- Moreover-i 
those processors having a Cachen -CSee E.TJi shall bypass 
it with respect to the read access and shall purge the 
associated entry from it with respect to the write access* 

Uhen the instruction which transfers a bit to central 
memory is executed in virtual addressing moden operand 
access validation shall consist of write access validation 
only- 



Load/Store Ak 

a- Load Ak from -CAjl displaced by D and indexed by -CXiJ Right 
Dlt jkiD 

Lo^ Ak from -CAjJ displaced by (3 1 
^7/-vikfi^ ^ 

c- Store Ak at -CAjJ displaced by D and indexed by -CXi> Right 
Dlfl jkiD 

d- Store Ak at -CAjJ displaced by d 
on jk(3 

Operation: These instructions shall transfer six bytes between 
the Ak register! right- justified! and a six byte field in central 
memory! with the direction of transfer determined by the operation 
code- 

Addressing: The left-most byte position of the six byte field 
in central memory shall be addressed by means of the PVA initially 
contained in register Aj-i modified by a byte item countn in a 
manner identical to that described in section E-S-1-1- 

Special Load Conditions: The instructions which load Register 
Ak shall unconditionally transfer only the rightmost MM bits 
of the six byte field from central memory to bit positions ED 
through b3 of Register Ak - 

Uhen this instruction is executed in virtual addressing modei the 
larger value ofn 1> the leftmost M bits of the six byte field from 
central memoryn S> the leftmost M bits in bit positions IL through 
n of the Aj Register and 3> the Rl field contained in the M-bit 
positions Dfi through 11 of the segment descriptor associated with 
the PVA obtained from Register Aj-i shall be transferred to bit 
positions lb through IT of Register Ak. 

■CFor the format of a segment descriptor and the definition of its 
Rl fieldn see paragraphs 3-3.1 and 3.ti.S of this specification! 
respectively. 
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S.2.1.L Load/Store Ak 



Operation: These instructions shall transfer a single bit 
between Register Xk Rightn bit position tSn and a bit position 
in central memoryn with the direction of the transfer deter- 
mined by the operation code- Additionally! the load instruction 
shall clear the Xk Register in its leftmost t.3 bit positionsi 
DD through bE . '\^ 



Addressing: The 
position to be 1 
by means of th 
follows: The 32 
shall be shifted 
extension on the 
shall be expande 
two 32-bit resul 
bits of the PVA 



byte in central memoryi containing the bit 
oaded from or stored inton shall be addressed 
PVA contained in the Aj Register modified as 
-bit halfword obtained from Register XD Right 
right three bit positions! end-off with sign 
lefti and the (2 field from the instruction 
d to 32 bits by means of sign extension- These 
ts shall then be added to the rightmost 32 
obtained from the Aj Register - 



Bit Selection: The bit position within the addressed byte in 
central memory shall be selected by means of the rightmost 
three bits obtained from Register XD Righti bit positions 
tl through 1=3- Values from D through 7 for these three bits 
shall select the corresponding bit positionn D through 7 
within the central memory byte- 

Note: The instruction which transfers a bit to central memory 
_ shall accomplish the associated central memory operations 
in a non-preemptive manner-i i*e-i the byte containing the 
bit to be stored shall be readn modified in the appropriate 
bit position to the extent requiredn and then written such 
that no other accesses to the addressed byte shall be. per- 
mitted between these read and write accesses. Moreover-i 
those processors having a Cache-i -CSee 2-T>-i shall bypass 
it with respect to the read access and shall purge the 
associated entry from it with respect to the write access* 



a- Load Ak from -CAjJ displaced by D and indexed by -CXiJ Right 
Dlt jkiD 

b- Load Ak from -CAj> displaced by Q 
D17 jk(2 

c- Store Ak at -CAjJ displaced by D and indexed by -CXil Right 
Dlfi jkiD 

d- Store Ak at -CAjJ displaced by (3 
on jk(2 

Operation: These instructions shall transfer six bytes between 
the Ak register! right- justified! and a six byte field in central 
memory! with the direction of transfer determined by the operation 
code- 

Addressing: The left-most byte position of the six byte field 

in central memory shall be addressed by means of the PVA initially 

contained in register AJ! modified by a byte item count! in a 
manner identical to that described in section 2-2-1-1- 

Special Load Conditions: The instructions which load Register 
Ak shall unconditionally transfer only the rightmost 44 bits 
of the six byte field from central memory to bit positions 2D 
through t3 of Register Ak - 

Uhen this instruction is executed in virtual addressing moden the 
larger value of! 1> the leftmost 4 bits of the six byte field from 
central memory-i 2> the leftmost 4 bits in bit positions lb through 
n of the Aj Register and 3> the Rl field contained in the 4-bit 
positions Dfi through 11 of the segment descriptor associated with 
the PVA obtained from Register Aji shall be transferred to bit 
positions lb through n of Register Ak. 

■CFor the format of a segment descriptor and the definition of its 
Rl field! see paragraphs 3-3.1 and 3«b.2 of this specification! 
respectively- 
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Uhen this instruction is executed in real addressing mode-, 
the larger value of the leftmost M bits of the six byte field 
from central memory and the leftmost M bits of the Aj Register-, 
shall be transferred to bit positions IL through IT of the Ak 
Register- 

Uhen the leftmost M bits of the six byte field from central 
memory are all equal to zero-, a Ring Number Zero condition 
shall be detected and-, following the completion of the 
associated Load instruction's execution-, the corresponding 
program interruption shall take place. 



E.E.I. 7 Load/Store Multiple Registers 

I a. Load Multiple Registers from -CAjJ displaced by fl*k-. Select- 
ivity per -CXD} Right 
DED jk 

I b. Store Multiple Registers at -CAj} displaced by a*kT Select- 
ivity per -CXDI Right 
DEI jk 

Operation. These instructions shall transfer data between the 
general registers and central memory with the direction of the 
transfer determined by the operation code. Central memory 
address formation and general register selections shall be per- 
formed as follows: 

Address Formation. The beginning address in central memory-, of 
the contiguous word locations to which or from which-, as 
determined by the operation code-, the designated transfers shall 
take place-i shall be formed by means of displacement addressing. 
The M-bit k field from the instruction shall be expanded to ET 
bits by extending leftmost zeroes-, these ET bits shall be shifted 
left three bit positions with zeros inserted on the right-, and 
this 3E-bit shifted result shall be added to the rightmost 3E 
bits of the PVA initially contained in the Aj Register. The 
resulting PVA shall be used as the beginning address of the word 
field in central memory referenced by these instructions. 

Register Selection. Selectivity of transfers between general 
registers and central memory shall be accomplished by inter- 
preting the rightmost lb-bits initially contained in Register 
XD Right as four fields of M-bits each in the following manner: 
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-Register XD Right 



Ma 



51 



52 



55 



Sh 



51 



to 



L3 



Number of the last X Register 
to be transferred 



Number of the last A Register 
to be transferred 



Number of the first X Register 
to be transferred 



Number of the first A Register 
to be transferred 



Uhen the first register number is greater than the associated 

ISst register numbern none of the registers from the corresponding 

A or X Register groups shall be loaded or stored. 

Transfers between registers and central memory shall begin with 
the A Register Group and end with the X Register Group to the 
extent that the Registers within these groups are designated by 
the rightmost lb-bits of Register XD Right. A positive offsetn 
applied to the PVA designating the first word location of the 
central memory fieldi shall begin with zero and shall be increased 
by eight for each designated transfer as it is accomplished during 
the course of instruction execution- 

The relationship between the bits contained in positions Hfi 
through t3 of Register XD Rightn the lb registers contained in 
each of the general register groups A and Xn and the positive 
offset values applied to the beginning address of the word field 
in central memoryiare illustrated in Figure S.S-1 for the case 
in which all 3B Registers are transferred. 

The leftmost lb-bits of the word locations in the central memory 
fieldn which are associated with A Registers to the extent 
designated-! shall not be used by the instruction which loads 
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multiple registers and shall be cleared by the in- 
struction which stores multiple registers. 

Special Load A Conditions: The instruction which loads A 
Registers shall unconditionally transfer only the right- 
most MM-bit positions ED through b3 of each appropriate 
word from central memory to the corresponding bit positions 
of the designated A Registers. 



When the Load 
addressing moi 
positions lb 
tral memory-i 
through n of 
tained in the 
descriptor as 
Ajn shall be 
each of the a 



Multiple instruction is executed in virtual 

dei the larger value of 1> the M bits in bit 

through IT of each appropriate word from cen- 

2} the leftmost M bits in bit positions lb 

the Aj Register-i and 3> the Rl field con- 

M-bit positions Dfi through 11 of the segment 

sociated with the PVA obtained from Register 

transferred to bit positions lb through IT of 

ppropriately designated A Registers. 
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When the Load Multiple instruction is executed in real add- 
ressing moden the larger value ofi 1> the ^ bits in positions 
It through IT of each appropriate word from central memoryn 
E> the leftmost M bits of the Aj Register! shall be transferred 
to bit positions lb through IT of each of the appropriately 
designated A Registers. 

With respect to the designated A Registersn when all ^ bits in 
positions lb through IT of any associated word from central 
memory are equal to zeroi a Ring Number Zero condition shall 
be detected andi following the completion of the Load Multiple 
instruction's execution! the associated program interruption 
shall occur- 

Notes: For both of these operation codes unless the PVA 
initially contained in the Aj Register consists of a byte 
address which is equal to Di modulo &i an Address Specifi- 
cation error shall be detectedn all transfers associated with 
the execution of these instructions shall be inhibited-i and 
the corresponding program interruption shall occur- 
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Multiple! only- 



Figure 2-2-1 
Register Selectivity Correspondence 
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2.S.E 



Integer Arithmetic 

Integer arithmetic operations shall be performed on words and 
halfwords contained in Register Xk and Register Xk Right-i res- 
pectively-i as described in the following subparagraphs. 



Binary in 
signed-i t 
leftmost 
3S for 3S 
quantitie 
31 or t3 
expressin 
be expres 
tations-i 
the two's 
one to it 
one's com 
it-, bit-f 
bits> 



tegers contain 
wo's complemen 
bit-, -Cin posit 
-bit integers} 
s shall consis 
contiguous bit 
g the magnitud 
sed as the two 
resulting in a 
complement of 
s one's complei 
plement of a b 
or-bitn from a 



ed in th 
t-, 32-bi 
ion DD f 
1 shall 
t of a s 
s immedi 
e of the 
^s compl 
sign bi 
a binar 
ment rep 
inary in 
nother n 



ft 



e X Registers shall cons 
t or bM-bit quantities, 
or bM-bit integers and i 
constitute the .sign bit. 
ign bit in the zero stat 
ately to the right of th 
number. Negative quant 
ement of their positive 
t in the one state. Con 
y integer shall be forme 
resentation. -CConceptua 
teger shall be formed by 
umber consisting entirel 
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n position 
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e sign bit-, 
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subtracting 
y of one 



Register Xk: bM-bit integer 
lOD 3lf3E|33 



loD 

1 



b3 



Vy 



// 



Register Xk Right: 3E-bit integer 

The ranges in magnitude-, Mt covered by binary integers in each 
of the two fixed point formatsn shall be as follows: 



3S-bit Integer: -S^-^^M^E" 



bM-bit Integer: -E^^^^M^E^^-l 



E.E. 2.1 Integer Sum-, Xk 



Integer Sum-, -CXk} replaced by -CXk> plus -tXj} 
QSB jk 

Integer Sumi -CXk} replaced by -CXn> plus d 
m3 jk(2 

These instructions shall obtain a m-bit addend from the initial 
contents of Register Xja or from the lb-bit sign extended a field 
of the instruction! as determined by the operation code. The b^- 
bit addend thus derived shall be added to the bH-bit word initially 
contained in. Register Xk or X j n 
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as correspondingly determined by the operation coden 

and shall transfer the bM-bit sum to Register Xk. Each b^-bit 
word shall be treated as a signed two's complement integer. 

Uhen the augend and addend are identically signed-, and their add- 
ition produces a sum with a sign opposite that of the addend and 
augend-, an Overflow condition shall be detected-, and when enabled 
the corresponding program interruption shall occur. 

2'2-2-d. Integer Dif f erence-i Xk 

Integer Difference-i -CXk} replaced by -CXk> minus -CXj> 
DE3 jk 

This instruction shall subtract the bM-bit word initially con- 
tained in Register Xj from the bM-bit word initially contained 
in Register Xk and shall transfer the bM-bit difference to Reg- 
ister Xk- Each bM-bit word shall be treated as a signed two's 
complement integer- 

Uhen the minuend and subtrahend are oppositely signed and the 
subtraction produces a difference with a sign opposite that of 
the minuend-, an Overflow condition shall be detected-, and 
when enabled-, the corresponding program interruption shall occur. 

2-2-2-3 Integer Product-, Xk 

Integer Product-, -CXk> replaced by -CXk> times -CXjl 
D2^ jk 

This instruction shall multiply the bH-bit word initially con- 
tained in Register Xk by the bM-bit word initially contained in 
Register Xj -, with each of these bM-bit words treated as signed-, 
two's complement integers. The result of this multiplication 
shall consist of a 126-bit intermediate product-i algebraically 
signed. 

The rightmost 
bM bits of this intermediate product shall be transferred to 
the Xk Register- 

Unless the leftmost bS bits of the properly signed intermediate 
product are all in the same staten an Overflow condition shall 
be detected and when enabled-, the corresponding program interr- 
uption shall occur. 
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B.B.E.M Integer (3uotientT Xk 

Integer (2uotient -CXk>replaced by -CXkl divided by -CXjl 

D2S jk 

This instruction shall divide the tH-bit word initially contained 
in the Xk Register by the bM-bit word initially contained in the 
Xj Register. Provided the divisor is not equal to zeroi the re- 
sults of the divisionn consisting of a LM-bit quotient-, algebra- 
j ically signed n shall be transferred to Register Xk. 



Uhen the divisor is equal to zeroi the contents of Register Xk 

rruption 



shall not be changedn a Divide Fault condition shall be 
detectedn and when enabledi the corresponding program interr 



shall occur. 

For the case in which -B is divided by -E ■^ the quotient 
shall have the form of -E^^n an Overflow condition shall be 
tectedn and when enabled-* the corresponding program interru 
shall occur. 

Note: The division shall produce a quotient result nhich-. 
absolute formi shall not have been rounded upwards. Thus-i 
absolute value of the quotient result is concatpn<=»tpri to a 
zero biti that quantity shall be equal to or less than the 
value of the quotient computed to one additional bit of pre 
in the rightmost position. noreovern when the absolute val 
quotient result is increased by one and concatenated to a s 
zero bit-, that quantity shall be greater than the absolute 
the quotient computed to one additional bit of precision in 
rightmost position. 
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2-E^E.5 Absolute-! Xk 



ffl 



B« 



Integer -£Xk} replaced by Absolute -CXj> 
DEb Jk 

This instruction shall treat the bM-bit word initially contained 
in the Xj Register as a signed two's complement integer and shall 
transfer its absolute value to the Xk Register- Thusn positively 
signed values initially contained in Register Xj shall be trans- 
ferred jto Register Xk without change- Howevern negatively signed 
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values initially contained in Register Xj shall be two's complement- 
ed and transferred to Register Xk. 

lilhen the bM-bit word transferred to Register Xk maintains a neg- 
ative sign despite the two's complement operation-i an Overflow 
condition shall be detected and when enabled-, the corresponding 
I program interruption shall occur^ i-e-n •CXj}=fiD— *^Dt 



■"lb 



E.E-E.b Integer Sum-. Xk Right 



E.2.2 




a. Integer Sum-, -CXkl Right replaced by -CXkl Right plus -CXjl 
Right 

DE7 Jk 

b. Integer Sum-, -CXkl Right replaced by -CXJ 1 Right plus a 
i DEfl jk a 

c. Integer Sum-, -CXkl Right replaced by -CXkl Right plus j 

GET jk 

Operation: These instructions shall obtain a 3E-bit addend 
from the initial contents of Register XJ Right-, from the lb-bit 
sign extended (3 field of the instruction-, or from the M-bit 
zeros extended j field of the instruction-, as determined by the 
operation code. 

The 3E-bit addend thus derived-, shall be added to the 3E-bit 
halfword initially contained in Register Xk Right or Register 
Xj Right-, as determined by the operation code and the sum shall 
be transferred to Register Xk Right- Each of these 3E-bit half- 
words shall be treated as signed two's complement integers- 

Uhen the augend and addend are identically signed-, and their 
addition produces a sum with a sign opposite that of the addend 
and augendn an Overflow condition shall be detected-, and when 
enabled the corresponding program interruption shall occur- 

teger Difference-, Xk Right 

Integer Difference-. -CXkl Right replaced by -CXk} Right 
minus -CXjl Right 

030 J*^ 
Integer Difference-, {Xk} Right replaced by -CXkl Right 
minus j 

031 jk 
leration: These instructions shall obtain a 3E bit subtrahend 

om the initial contents of Register Xj Right or from the M-bit 
ros extended j field from the instructionn as determined by 
le operation code- 
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The 3B-bit subtrahend thus derived shall be subtracted from the 
3E-bit halfword initially contained in Register Xk Right and the 
difference shall be transferred to Register Xk Right. Each of 
these 3E-bit halfwords shall be treated as signed two's com- 
plement integers. 

Uhen the minuend and subtrahend are oppositely signed and the 
subtraction produces a difference with a sign opposite that of 
the minuendn an Overflow condition shall be detectedi and when 
enabled the corresponding program interruption shall occur. 

a.S.S.a Integer Productn Xk Right 

a. Integer Productn -CXk} Right replaced by -CXkl Right times 
-CXj> Right 

032 jk 

b. Integer Productn -CXkl Right replaced by -CXj} Right times (3 

D33Jk(2 

These instructions shall obtain a 3E-bit multiplier from tha 
initial contents of Register Xj Right or from the lb-bit sign 
extended Q. field of the instructionn as determined by the operation 
code. 

The 3E-bit multiplier thus derived shall be taken times the 3E-bit 
half-word initially contained in Register Xk Right or Register Xj 
Right as determined by the operation code- The result of the multi- 
plication shall consist of a bM-bit intermediate producti algebra- 
I ically signed.- 

The rightmost 3E bits of this intermediate product shall be 
transferred to Register Xk Right. 

Unless the leftmost 33 bits of the properly signed intermediate 
product are all in the same staten an Overflow condition shall 
be detected and when enabledn the corresponding program inter- 
ruption shall occur. 

E'2>2»'] Integer (2uotientn Xk Right 

Integer (Suotientn -CXk} Right replaced by -CXk} Right divided by 
■CXj} Right 
D3M jk 

This instruction shall divide the 3E-bit halfword initially 



contained in Register Xk Right by the 3E-bit halfword initially 
contained in Register Xj Right. Provided the divisor is not equal 
to zeroT the results of the divisioni consisting of a 3E-bit 
quotient^ algebraically signed ^ shall be transferred to Register 
Xk Right. 

lilhen the divisor is equal to zero^ the contents of Register Xk 
shall not be changedn a Divide Fault condition shall be detectedn 
and when enabled-i the corresponding program interruption shall 
occur. 

For the case in which -E -^-^is divided by -E i the quotient result 
shall have the form of -E t an Overflow condition shall be de- 
tectedn and when enabledn the corresponding program interruption 
shall occur. 



E.E.E. 10 



Note: The division shall produce a quotient result 
absolute formn shall not have been rounded upwards- 
the absolute value of the quotient result is concate 
single zero bitn that quantity shall be equal to or 
absolute value of the quotient computed to one addit 
precision in the rightmost position. Moreover! when 
value of the quotient result is increased by one and 
to a single zero bitn that quantity shall be greater 
absolute value of the quotient computed to one addit 
precision in the rightmost position. 
Integer Compare 
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BfKPBilir 



a. Integer Comparen -CXjD- to -CXkln result to XI Right 

035 Jk 

b. Integer Comparei -CX j > Right to -CXk} Right-i result to XI Right 

D3b 3k 

Operation: These instructions shall perform an algebraic com- 
parison of the signedn two's complementn binary integer initially 
contained in Register Xj to the signedi two's complement-i binary 
integer initially contained in Register Xk- These compared values 
shall consist of bM-bits or 3S-bits -Cright-justif ied in positions 
3E through b3> as determined by the operation code. In this con- 
text the contents of the XD Register shall be interpreted as 
consisting entirely of zeros. 

Results: When the comparison finds these quantities equal-. Reg- 
ister XI Right shall be cleared in all 3E bit positions. Uhen 
the comparison finds the quantity obtained from Register Xj 
greater than the quantity obtained from Register X ki Register XI 



IKHll 



DOCUMENT 


SECTION 



DOCUMENT 


SECTION 



NCR 




CONTROL DATA 




THIS 




REPLACES 


FILE 






ADVANCED SYSTEMS LABORATORY 


DATE 

Sept. 


3D-I n7M 


May 


Bin n7M 


APPROVED 

ASL 


APPROVED 

NCR 


APPROVED 

CDC 


PAGE 


^s 


MS 



2-E.3 



Right shall be cleared in the leftmost 31 bit positionsn 35 through 
tiE^and shall be set. in the' rightmost bit positionn ti3- When the 
comparison finds the quantity obtained from Register Xj less than 
the quantity obtained from Register Xkn Register XI Right shall be 
set in all 32 bit positions- 
Branch 

The instructions within this subgroup shall consist of both con- 
ditional and unconditional branch instructions- 
Each conditional branch instruction shall perform a comparison 
between the contents of two general registers- Thenn based on 
the relationship between the results of that comparison and the 
branch condition as specified by means of the instruction's 
operation code-i each conditional branch instruction shall perform 
either a normal exit or a branch exit- 
Normal exit: Uhen the results of a comparison do not satisfy the 
branch condition as specified by the operation coden a normal exit 
shall be performed- A normal exit for all conditional branch in- 
structions shall consist oiF adding four to the rightmost 32 bits 
of the PVA obtained, from the P Register with that 32-bit sum re- 
turned to the P Register in its rightmost 32-bit positions. 



Uhen the results of a comparison satisfy the branch 
specified by the operation codei a branch exit shall 
I- A branch exit shall consist of expanding the It- 
from the instruction to 31 bits by means of sign ex- 
fting these 31 bits left one bit position with a zero 
the rightn and adding this 32-bit shifted result to 
.t 32-bits of the PVA obtained from the P Register with 
;um returned to the P Register in its rightmost 32- 
s- 



Branch exit: 
condition as 
be performed 
bit (2 field 
tension! shi 
inserted on 
the rightmos 
the 32-bit s 
bit position 

Unconditional branch instructions shall perform branch exits 
according to the appropriate instruction descriptions contained 
in subparagraphs 2-2-3-5 through 2-2-3. t of this specif ication- 



2-2-3-1 Conditional! X, 



a. Branch to -CPJ displaced by 2*(2 if -CXj> equal to -CXk> 
D37 jk(3 

b- Branch to -CP} displaced by 2*(2 if -CXj> not equal to -CXk> 
D3fl jkc3 
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2-2-3-2 



c- Branch to -CP> displaced by 2*(2 if -CXj> greater than -CXkJ 
D3T jk(2 

d- Branch to -CPJ displaced by 2*(3 if -CXj> not less than -CXkl 
DMD Jki2 

Each of these instructions shall perform an algebraic comparison 
of the bM-bit word obtained from Register Xj to the bM-bit word 
obtained from Register Xk- Each of these bM-bit words shall be 
treated as signedn two's complement! binary integers- The contents 
of Register XD shall be interpreted as consisting entirely of 
zeros- 

These instructions shall perform a normal exit or a branch exit 
in the manner previously described in Paragraph 2-2-3 of this 
specif ication- 

Conditionaln X Right 

a- Branch to -CPJ displaced by 2*(2 if -CXj> Right equal to -CXk} 
Right 

Dm jk(3 

b- Branch to -CPJ displaced by 2*0 if -CXj} Right not equal to 
-CXk> Right 
D^2 Jkt3 

c- Branch to -CP} displaced by 2*0 if -CXjl Right greater than 
•CXk> Right 
DM3 jkO 

d- Branch to -CP} displaced by 2*0 if -CXj} Right not less than -CXk> 
Right 

m^ jko 

Each of these instructions shall perform an algebraic comparison 
of the 32-bit halfword obtained from Register Xj Right with the 
32-bit halfword obtained from Register Xk Right. Each of these 
32-bit halfwbrds shall be treated as signedn two's complement! 
binary integers^ The contents of Register XD shall be inter- 
preted as consisting entirely of zeros. 

These instructions shall perform a normal exit or a branch exit 
in the manner previously described in Paragraph 2-2-3 of this 
specification- 
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2-2.3-3 1 Conditional-, with Increment 

Branch to -CPJ displaced by E*Q and increment -CXj> if -CXjl less 
than -CXk} 
D^S jk(3 

This instruction shall perform an algebraic comparison of the 
fciM-bit word initially contained in Register Xj with the t.^-bit 
word initially contained in Register Xk- Each of these tM-bit 
words shall be treated as signed-, two's complement-, binary 
integers- 

Uhen this comparison does not find the value initially contained 
in Register Xj less than the value initially contained in Register 
Xk a normal exit shall be performed in the manner previously 
described in Paragraph 2-2-3 of this specif ication- 

Uhen this comparison finds the value initially contained in Reg- 
ister Xj less than the value initially contained in Register Xki 
a branch exit shall be performed in the manner previously described 
in Paragraph 2-2-3 of this specification- In addition-, the bH-bit 
word initially contained in Register Xj shall be increased by one 
in value with the t.H-bit result returned to Register X j - 

2.2.3. H Conditional-. Ak 

Branch to -CPJ displaced by 2*(3 if SEG-CAJ> not equal to SEG-CAkJi 
else Compare BN-CAj} to BN-CAk>-, result to XI Right. 
" DHbjkfi 

This instruction shall perform a bit-for-bit comparison between 
the 12-bit SEG field contained in bit positions 2D through 31 of 
Register Aj and the 12-bit SEG field contained in bit positions 
2D through 31 of Register Ak. When the comparison finds the SEG 
fields not equal-, this instruction shall perform a branch exit 
I in the manner described in paragraph 2.2.3 of this specification. 

When the comparison finds the SEG fields equal-, this instruction 
shall perform an algebraic comparison of the 32-bit BN field 
contained in bit positions 32 through b3 of Register AJ to the 
32-bit BN field contained in bit positions 32 through t.3 of 
Register Ak and shall perform a normal exit in the manner des- 
cribed in Paragraph 2.2-3 of this specification. 

The algebraic comparison of the BN fields shall treat each of 
these 32-bit quantities as signed two's complement binary integers 
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and shall store the result of their comparison into Register XI 

P-^u^ ^f r?4°''^,' '^^^" ^^^ ^^ ^i^l^s are equal-. Register XI 
Right shall be cleared in all 32-bit positions. 

When the BN field from Register Aj is greater than the BN field 
from Register Ak-. Register XI Right shall be cleared in the leftmost 
I 31-bit positions-, 32 through t2T and shall be set in the rightmost bit 

gS^^-^?[l\^^'^o^".^''^ ^^ ^^^^^ ^•^°'" Register Aj is less than the 
BN field from Register Ak-. Register XI Right shall be set in all 
I dd— Dit positions. 

2. 2. 3. 5 Unconditional Branch-, -CP} indexed 

Branch to -CP} indexed by 2*-CXk> Right 
um jk 



This instruction shall perform an unconditional branch exit by 
modifying the contents of the P Register in its rightmost 32- 
bit positions as follows: 

^[l%^^I^n^^^I]^^^'*'°'^^ obtained from Register Xk Right shall be 
?ho ^ ui^^ T^ ^^^ positionn end-off with a zero inserted on 

Mnh.mf ^J"k-J^^^?:'?^^^''^^^^^ ^^^"^^ ^^^^^ be added to the 
rightmost 32-bits initially contained in the P Register. This 
32-bit sum shall be returned to the P Register in its rightmost 
dd-Dit positions. 
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E.S.3-i3 LJnconditional Branchn -CAJ indexed 

Branch to -CAj> indexed by E*-CXI<> Right 
D^fl jk 

In the absence of all associated Virtual Addressing Mechanism 
exceptions -Cother than a Page Table Search Uithout Find condition 
atthe branch address> this instruction shall perform a branch 
exit by modifying the GK-i LK-i SEG and BN fields contained in the 
P Register as follows: 

The 12-bit Segment field-i SEGi contained in bit positions ED 
through 31 of Register Aj shall be transferred to the corresponding 
12-bit positions of the P Register- 

The 32-bit halfword obtained from Register Xk Right shall be 
shifted left one bit position-i end-off with a zero inserted on 
the rightn and the 32-bit shifted result shall be added to the 
rightmost 32-bits obtained from Register Aj in bit positions 
32 through b3- -Cln this contexti the contents of Register XD 
shall be interpreted as consisting entirely of zeroes}. This 
32-bit sum shall be transferred to the rightmost 32-bit positions-i 
32 through ti3-i of the P Register- 

The Global Key field initially contained in the P Register 
shall be checked and conditionally alteredn and the Local Key 
field initially contained in the P Register shall be altered-i 
according to the descriptions contained in subparagraph 
3-ti-3.2 of this specification. 



The P-CRN> field shall not be changed by the execution of this 
instruction- Moreover-i the Execute validation procedure for 
the next instruction fetchn i.e. the fetching of the instruction 
at the branch addressi shall be included in this branch instruction's 
execution such that the detection of associated Access Violations-i 
as described in Subparagraphs 3.3-1-1 and 3.ti-2-l of this speci- 
fication! shall result in the corresponding program interruption 
and the execution of this instruction shall be inhibited. 

Note: Unless the PVA contained in Register Aj consists of a 

byte address which is equal to Di modulo 2-i an Address Specification 

error shall be detected-i the execution of this instruction shall 

be inhibited and the corresponding program interruption shall 

occur. 
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2.2-M Copy 

The instructions within this subgroup shall provide the means for 
accomplishing inter-register transfers to the extent defined by 
the following instruction descriptions- 

2-2-M-l Copy to Xk from Xj 
DMT jk 

This instruction shall transfer the bM-bit word initially con- 
tained in Register Xj to the bM-bit positions of Register Xk- 

2-2.M.2 Copy to Xk from Aj 
DSD jk 

This instruction shall transfer the Mfl bits contained in Register 
Aj to the rightmost Mfl-bit positionsn IL through ti3-i of Register 
Xk. The leftmost lb-bit positions-! DD through IS-i of Register Xk 
shall be cleared. 

2-2-M-3 Copy to Ak from Aj 
D51 jk 

This instruction shall transfer the MS bits contained in Register 
Aj to th2 Mfl-bit positions of Register Ak- 

2.2-M-M Copy to Ak from Xj 
052 jk 

This instruction shall unconditionally transfer the rightmost 
MM bits-, contained in positions 2D through b3-i of Register Xj 
to the corresponding MM-bit positions of Register Ak- The M-bit 
field having the larger value in bit positions lb through IT 
of the Xj Register or the P RegisterT shall be transferred to the 
corresponding M-bit positions of the Ak Register. 

2-2. M.S Copy to Xk Right from Xj Right 
DS3 jk 

This instruction shall transfer the 32-bit halfword initially 
contained in Register Xj Right to the 32-bit positions-i 32 

I through b3-. of Register Xk Right. The initial contents of Register 

I Xk Left shall not be changed- 
2.2.5 Address Arithmetic 

The instructions within this subgroup shall provide the means 
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for accomplishing address arithmetic to the extent defined by the 
following instruction descriptions- 

E-2-S.1 Copy A with Displacement 

Address -CAk} replaced by -CAjJ plus Q 
US^ jkfl 

This instruction shall transfer the leftmost lb bits initially 
contained in bit positions lb through 31 of Register Aj to the 
corresponding lb-bit positions of Register Ak. In addition-i 
the lb-bit (2 field from the instruction-i expanded to 3E-bits by 
means of sign extension-i shall be added to the rightmost 3S bits 
initially contained in bit positions 35 through b3 of Register 
Aj and the 3E-bit sum shall be transferred to the corresponding 
rightmost 32-bit positions of Register Ak- 



5.2.5 



.5 I Copy P with Indexing and Displacement 



Address -CAkl replaced by -CP> plus 5* -CXj} Right plus 
D5S jk(2 

This instruction shall transfer the leftmost lb bits 
bit positions lb through 31 of the P Register to the 
lb-bit positions of the Ak Register- In addition-i th 
field from the instruction sKall be expanded to 31 bi 
sign extension-i these 31 bits shall be shifted left o 
with a zero inserted on the righti and this 35-bit sh 
shall be added to the rightmost 35 bits obtained from 
This 35-bit sum shall be added to the rightmost 32-bi 
from Register Xj Righti shifted left one bit position 
inserted on the right-i and the final result shall be 
to the rightmost 32-bit positions-i 35 through b3T of 
In this context-! the contents of Register XQ shall be 
as consisting entirely of zeros. 
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interpreted 



2.2.S.3 A Indexed 



5.2.b 



BBffK 



Address -CAkJ replaced by -CAkl plus -CXj> Right 
OSb jk 

This instruction shall add the 35-bits contained in Register Xj 
Right to the rightmost 35-bits initially contained in bit positions 
32 through b3 of Register Ak and shall return the 35-bit sum to 
the rightmost 32-bit positions of Register Ak- 

Enter 

The instructions within this subgroup shall provide the means 

11 
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for entering immediate operandsn -[consisting of logical quantities 
or signed-i two's complement binary integersJ-i into the X Registers 
to the extent defined by the following instruction descriptions. 



2-2-b.l Enter j 



a- Enter Xk Right with plus j 
D57 jk 

b. Enter Xk Right with minus j 
D5fi jk 

Operation. These instructions shall expand the ^-bit j field 
from the instruction to 35-bits by extending 26 zeros on the left 
and shall transfer this 35-bit result or the two's complement 
of this 35-bit resulti as determined by the operation code-i to 
the 35-bit positions! 35 through b3-i of Register Xk Right- 



5.5.b.5 Enter a 



Enter Xk Right with sign extended Q 
DST Jk(2 

This instruction shall expand the lb-bit Q field from the in- 
struction to 35-bits by means of sign extension and shall transfer 
this 32-bit result to the 35-bit positions-. 32 through b3T of 
Register Xk Right. 



5.5.b.3 Enter jk 



Enter XD Right with logical jk 
DbD jk 

This instruction shall transfer the M-bit k field from the 
instruction to bit positions bD through b3 of Register XD Righti 
shall transfer the M-bit j field from the instruction to bit 
positions 5b through 5T of Register XO Right-, and shall clear 
the leftmost 5M bit positions-. 35 through 55 of Register XD 
Right- 



5.5.b.M Enter signs 



Enter Xk Left with signs per j 
Dbl jk 

The value of the rightmost 5-bits of the j field from the in- 
struction shall be translated as follows: 
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b- When the M-bit j field from this instruction is equal to 1-. the 

32-bit positions DD through 31-. of Register Xk Left shall be 

set- ' 

c- When the H-bit j field from this instruction is equal to 2, 

the sign bit in position 32 of Register Xk Right shall be 

transferred to all 32-bit positions-. DD through 31 of Register 

Xk Left, 
d- When the H-bit j field from this instruction is equal to 3 

through F -Chex}-. the execution of this instruction shall result \ 

in no operation. 
Shift ' 

The instructions within this subgroup shall provide the means for 
shifting the initial contents of the Xj Register and transferring 
the result to the Xk Register-, to the extent defined by the follows 
ing instructions. 

All of the instructions within this subgroup shall derive the 
computed shift count in the following manner: The 12-bit J> field 
from these instructions shall be expanded to 32-bits by means of ^ 
sign extension-, these 32-bits shall be added to the 32-bits initially 
obtained from Register Xi Right and this 32-bit sum shall repre- 
sent the computed shift count. In this context the contents of 
Register XD Right shall be interpreted as consisting entirely of 
zeros. 

The instructions within this subgroup shall interpret the computed 
shift count as follows: The sign bit in the leftmost position of 
the 32-bit computed shift count shall determine the direction of 
the shift- When the computed shift count is positive-. -Csign bit 
of zero>-. these instructions shall left shifti with the number of 
bit positions to be shifted determined by the value of the computed 
shift count in its rightmost S-bit and b-bit positions for 32-bit 
and m-bit operands-, respectively. Uhen the computed shift, county 
is negative-i -Csign bit of one>i these instructions shall right shift-, 
with the number of bit positions to be shifted determined by the 
two's complement- of the computed shift count in its rightmost 
S-bit and b-bit positions for 32-bit and tH-bit operands-, respect- 
ively.^ 

Uhen these interpretations of the computed shift count result in 
an actual shift count of zero-, the associated instructions shall 
transfer the initial contents of the Xj Register to the Xk Register 
and no shifting shall be performed. 

Shift -CXj} to Xk, Circular 

Shift -CXjD- to Xk Circular-, Direction and Count per -CXiJ Right plus J> 
Dfc,2 jkiD 



This instruction shall shift the b4-bit word initially contained 
in Register Xj-. with the direction and number of bit positions to 
be shifted determined by the computed shift count-, and shall transfer 
the result to Register Xk. The computed shift count shall be 
derived and interpreted in the manner described in Paragraph 2.2.7 
of this specification. 

This instruction shall shift circularly such that bits shifted 
out one end of the LM-bit word shall be transferred into bit posi- 
tions which become unoccupied at the opposite end of the ti4-bit 
word as a result of the shift- 

2-2-7-2 ] Shift -CXjJ to Xk-, End-off 

a- Shift -CXjl to Xk-, Direction and Count per -CXil Right plus D 
Db3 jkiD 



b- Shift -CXj} Right to Xk 
Right plus D 
Dt4 jkiD 

Operation: These instructi 
contained in Register Xj or 
Xj Right-, as determined by 
the result to Register Xk o 
determined by the operation 
positions to be shifted sha 
count- The computed shift 
in the manner described in 



Right-, Direction and Count per -CXiJ 



ons shall shift the m-bit word initially 

the 32-bit half word contained in Register 
the operation codei and shall transfer 
r Register Xk Right as correspondingly 

code. The direction and number of bit 
11 be determined by the computed shift 
count shall be derived and interpreted 
Paragraph 2.2.7 of this specification. 



2.2.6 



Right Shift: Right shifts shall be performed end-off on the right 
and sign extended on the left. Thus-, bits shifted out of the 
rightmost bit position shall be lost and the leftmost bit position-, 
which would otherwise become unoccupied for each bit position shift- 
ed-, shall be left unchanged. 

Left Shift: Left shifts shall be performed end-off on the left 
with zeros inserted on the right. Thus-, bits shifted out of the 
leftmost bit position shall be lost and the rightmost bit position-, 
Uhich becomes unoccupied for each bit position shifted-, shall be 
cleared. 

Logical 

The instructions within this subgroup shall provide the means for 
performing Boolean operations on the b4-bit words contained in the 
X Registers to the extent defined by the following instruction 
descriptions- 
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S-2.fi. 1 Logical Sumn Differencen and Product 

a. Logical Sum-. -CXkJ replaced by -CXk> OR -CXj} 

DtS jk 

b. Logical Difference! -CXkJ replaced by -CXk]- EOR -CXj> 

Dbt jk 

c. Logical ProductV -CXk> replaced by -CXkJ AND -CXjJ 

Db? jk 

These instructions shall perform a logical operation between the 
fciM-bit word initially contained in the Xj Register and the bM-bit 
word initially contained in the Xk Register. and shall return the 
tiM-bit Boolean result to the Xk Register. 

The logical operations performed b-y these instructions shall 
consist of a logical sum -COR}i a logical difference -CEORJ or a 
logical product -CANDJt as determined by the operation code-, and 
accomplished according to the following truth tables. 



E.E.T 



OR: 



ODll. 
DlDl 
QUI 



EOR: 



DDlil 
DlDl 
QUO 



AND: DDll 
DlDl 
0001 



5.2.fi.2 Logical Complement 

Logical Complement-i -CXk} replaced by -CXjl NOT 
Dbfi jk 

This instruction shall transfer the one's complement of the 
fc.M-bit word initially contained in the Xj Register to the t4- 
bit positions of the Xk Register. 

Conceptually-, taking the one's complement of a m-bit word shall 
be accomplished by subtracting it-, bit-for-bitn from a bM-bit 
word consisting entirely of one bits- 



One's Complement Truth Tablen I's 

-CXj> 
•CXk> 



1111 
DllD 
IDDl 



E.E.fl.3 Logical Inhibit 



This instruction shall perform a logical product between the one's 
complement of the bM-bit word initially contained in the Xj reg- 
ister and the t.i|-bit word initially contained in the Xk register 
and shall return the bM-bit Boolean result to the Xk register- 

The truth tables for the logical product and one's complement 
operations are provided in Subparagraphs E.S.fl.l and E.E.fi.E-. 
respectively-1 of this specification. 

Register Bit String 

The instructions within this subgroup shall provide the means for 
addressing a contiguous string -CfieldJ of bitsn beginning and 
ending independently with any bit positions within a bM-bit word. 



Logical Inhibit-, -CXk> replaced by -CXk> AND -CXjJ NOT 
DbT jk 



SffKfill 




For each of the instructions in this 
shall be addressed by means of a IE- 
bit string descriptor. Any field of 
constituting a bit field descriptor-, 
left to right-i with the leftmost bit 
subfield in bit positions DD through 
shall designate the beginning-, or le 
in a bM-bit word. The b-bit subfield 
11 of the bit string descriptor is a 
interpreted as designating one less 
of a bit string within a bM-bit word 



subgroup-, the bit strings 
bit field referred to as a 
bits-i including the field 
shall be numbered from 
numbered DD. The six-bit 
DS of a bit string descriptor 
ftmosti bit position with- 
in bit positions Db through 
length designator that is 
than the length -tin bits> 



Bit String Descriptor 



DD 



DS 



{^Leftmost Position Designator-^^ 



Db 



11 



— Length Designator >| 

-CBit-length - 1> 

For all instructions within this subgroup-, indexing shall be 
carried out as follows: the bit string descriptor obtained 
from the D field of the instruction shall be zero-extended on 
the left to 3E bits and then added-, without overflow detection-, 
to the contents of register Xi Right -Cin this context-, the con- 
tents of register XD shall be interpreted as all zeroes>i the 
rightmost IS bits of the result shall then be interpreted as 
a bit string descriptor-, in the manner described above. For each of 
the instructions in this subgroup-, when-, after indexing-, the sum of 
the "Leftmost Position Designator" and the "Length Designator" is 
greater than b3 -Cdecimal>^an Instruction Specification error shall 
be detected-, the execution of the associated instruction shall be 
inhibited and the corresponding program interruption shall occur- 
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2-E.T.l Isolate Bit Mask 



a-5-T.2 



a.E.T.3 



Isolate Bit Mask into Xk per -CXil Right plus D 
D7D jkiD 

This instruction shall generaten in Xki a bit mask consisting 
of a field of contiguous one bits whose leftmost and right- 
most bit positions are determined by the bit field descriptor 
calculated and interpreted as specified in subparagraph 2.B-T. 

All bit positions to the left of the leftmost bit po- 
sition and all bit positions to the right of the rightmost bit 
position -[leftmost bit position plus length designator>T if 
anyi shall consist of zeroes- 

Isolate to Xk 

Isolate into Xk from Xj per -CXiJ Right plus D 
D71 jkiD 

This instruction shall obtain a field of contiguous bits from 
the initial contents of the Xj register! shall clear all bM bit 
positions of the Xk register! and shall then transfer that field 
of contiguous bitsi right justified! into the Xk register. The 
leftmost and rightmost bit positions of the field obtained from 
the Xj register shall be defined by the bit field descriptor 
calculated and interpreted as specified in subparagraph E.E.T. 



Insert into Xk 

Insert into Xk from Xj per -CXiJ Right plus D 
D7B jkiD 



This instruction 
initially contai 
a field of conti 
length of the bi 
the leftmost and 
shall be defined 
interpreted as s 
positions to the 
bit positions to 
the Xk register! 



shall transfer a f 
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ield of contiguous bitS! 
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S.2.1D 



Move! Compare and J^g ic a 1 J 



The instructions in this sub-group shall provide the means for accomp- 
lishing memory-to-memory move! comparison and logical operations on 
variable-length byte fieldsn referred to as source and destination 
fields. 

The leftmost byte addresses of the source and destination fields shall 
be designated by the PVA's contained in Registers Aj and Ak! respectively. 
The lengths of the source and destination fields shall be designated by 
the 32-bit half u ord s_c o n t a j ned in Registers XD Right and Xl^Right! res- 
pectively. " " ^ " 

The source and destination fields shall be processed f rdm lej^to^r^^^^^^^^^ 
For the reading of each byte associated with the source fieT.d! the BN' 
field contained in Register Aj shall be incremented by one and the 
32-bit halfword contained in Register XO Right shall be decremented by 
one. For the processing! reading and/or writing! of each byte associated 
with the destination field! the BN field contained in Register^Ak shall 
be incremented by one and the 32-bit halfword contained in Register XI 
Right shall be decremented by one. 

Uhenever either field has been exhausted! i-e-! its length has been 
decremented to zero! increment and decrement operations on the contents 
of its associated A and X Registers! respectively! shall be inhibited. 

For the purpose of establishing operand access validation in virtual 
addressing mode! each central memory operand access type shall be a 
read access with respect to bytes read from the source and destination 
fields and a write access with respect to bytes stored into the des- 
tination field. 

For each of these instructions! when the initial contents of Register 
XD Right or XI Right are negative -Cbit 32 equal to a one>! an In- 
struction Specification error shall be recorded! the execution of the 
associated instruction shall be inhibited! and the corresponding program 
interruption shall occur- 
a. Hove 

Move Bytes Direct! -CAkl replaced by -CAjl per XD and XL 
D73jk 

Move and Complement Bytes Direct! -CAkJ replaced by -CAjJ per XD 

and XI. 

153jk 

These instructions shall move from D to 25t bytes from a source 
field in central memory to a destination field in central memory- 

mi 
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Each byte from the source field shall be moved to the destination 
field unchanqedn or one's complemented! as determined by the 
operation code- The bit-for-bit one's complement operation is. 
described in the truth table contained in subparagraph E-E-fl-S 
of this specification. 

Uhen the source field has been exhaustedn a fill byte from bit 
positions EM through 31 of Register XD Left shall be used as often 
as required to complete the Hove operation- 

Uhen the Move operation terminates as a result of exhausting the 
destination fieldi the 3E-bit positions! DD through 31n of Register 
XI Left shall be cleared- 
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Uhen the Move operation terminates as a result of storing a maximum 
of SSb bytes in the destination field without exhausting the des- 
tination fieldn the 3E-bit halfword contained in Register XI Left 
shall be set in all 3E-bit positionsn DD through 31- 

Compare Bytes Directi -CAjl to -CAkJ per XD and XI 
IMMjk ; •: 

This instruction shall compare a maximum of ESt bytes from the source 
field in central memory to a maximum of ESt corresponding bytes from 
the destination field in central memory- The comparison shall occur 
from left to rightn byte-by-byten with each byte treated as an un- 
signedn binary value- 

Uhen the lengths of the two fields are unequaln a fill-byte from 
bit positions S^ through 31 of Register XD Left shall be usedn as 
often as requiredn to continue the comparison operation after the 
field having the shorter length has been exhausted- 

Uhen the operation terminates as a result of inequality between two 
corresponding bytesi as individually associated with the source and 
destination fieldsn Register XI Left shall be cleared in all 3E bit 
positionsn DD through 31n and the results of the unequal comparison 
shall be transferred to Register XI Right in the manner described in 
subparagraph S-E-E-ID of this specification! -Cwith the source and 
destination fields analogous to the Xj and Xk Registersn respectively! 

Uhen both the source and destination fields are exhausted without the 
occurrence of inequalityn Register XI Left shall be cleared in all 
3E-bit positions- 
lichen a maximum of ESt comparisons have been performed! without the 
occurrence of inequality and without exhausting both field lengthsn 
Register XI Left shall be set in all 3E-bit positionsn DD through 
31 



Uhen the initial contents of both Register XD Right and Register 
XI Right consist entirely of zeroesn Register XI Left shall be 
cleared in all 3E-bit positions and no comparisons shall be per- 
formed- 

Logical 

Logical Sumn -CAk} replaced by -CAk! OR -CAjl per XD and XI 
ISljk 



I Logical 
; ISEjk 

■■ Logical 
I ISDjk 

\ Each of 
; between 
: memory 
; field i 
\ Logical 
I -CANDD- 
EORnand 
graph E 



Differencen -CAkD- replaced by -CAk! EOR -CAj! per XD and XI 
Product-. -CAkJ replaced by -CAkJ AND -CAj> per XD and XI 

these instructions shall perform a logical operation 

a maximum of SSb bytes from the source field in central 
and a maximum of ESb corresponding bytes from the destination 
n central memory- The logical operation shall consist of a 

Sumn ■COR>n Logical Difference -CEORln or Logical Product 
s determined by the operation code- The bit-for-bit ORn 

AND are defined by the truth tables contained in subpara- 
-E-fi-1 of this specification. 



For each of these instructionsn when the source field is exhausted! 
a f ill-byte from hii-. pn^if-.i nn^ E^ through 31 of Register X^J-eftn 
shall be usedn as often as requiredn to complete the logical 
operation- 

Uhen these logical operations terminate as a result of exhausting 
the destination fieldn the 3E-bit positions DD through 31n of 
Register XI Left shall be cleared- 

Uhen these logical operations terminate as a result of storing 
ESb bytes in the destination field without exhausting the 
destination fieldn the 3E-bit halfword in Register XI Left shall 
be set in all 3E-bit positionsn DD through 31- 

For each of these instructions! when the source field is to the 
left of the destination field and the fields overlapi the results 
of the logical operation shall be undefined- 
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2.2.11 Hark to Boolean 

Set Xk Right per j and -CXll Right 
14S jk 



This instruction shall test the 
rightmost two bit positionsn bE 
to the M-bit j field from the i 
rightmost bits initially contai 
any of the one or more values s 
Register Xk Right shall be clea 
shall be set in bit position L3 
bits initially contained in Reg 
the one or more values specifie 
Xk Right shall be cleared in al 
values of the j field and the r 
in Register XI Right shall be i 
■CE(3> as follows: 
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Bits bE 


and t.3 of XI Riqht-i resoectivelv 






00 


* 01 


10 


1 11 


DDDD 


Unconditional inec 


ualitv 1 


DQDl 








E(2 


ODID 






E(3 




DDll 






E(3 


Efl 


DIOD 




E(2 






DlDl 




E(3 




E(3 


DllD 




E(3 


E(3 




Dill 




E(2 


E(3 


E(3 


IDDD 


E(2 








IDDl 


Efl 






E(2 


1010 


E(2 




E(2 




1011 


E(3 




E(2 


E(2 


1100 


Efl 


Efl 






1101 


E(3 


E(3 




E(3 


1110 


E(2 


E(3 


E(3 




1111 


Unconditional Eaualitv 1 


1 1 i 
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Note: 



MffK HSill 



The four individual bits of j can be visualized as individual 
pointers which are associatedn from left to rightn with the 
four possible values -COOt Din 10 and 11} of the tested bit- 
pair -Cbits bE and b3 of Register XI Right>. For examplen if 
j = OlOln equality shall be detected when the value of the 
tested bit pair is 01 jor 11- 
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2.3 



/ / / 

Business- Data Processing/Instructions y / 

/ / / / / 

The general form of e>^€cution^^or the/instructions in /this group 
shall involve the uti'lizatiqrf of a first data fi-ield in central 
memory n referred to/as the/"sourcen7 to modifyX replace n or com- 
pare with a second^ data f>ield in central mempfy referred to as 
the "destination/" Both" the source and des,t'ination fields shalK 
be individually/describ'ed by means of independently designated^ 
Data Descriptors n wi1;h respect/to the ty,p'es of riapresentationn/ 
sign and zone' conveji'^tionsn lengths and^- felative^ locations xft the 
data fields/ Each)/Data Descriptorn cp'nsisting of a 32-bi^ half- 
word or a rbM-bit/Wordn shall be obta^ined from an associated /table 
central memory referred ta' as a Dat^a Descriptor Table*/ -CDD/TJ 



2.3.1 



General Description 



/ 



jyi 



/ 



The /instructions in this group shall be' f urther/Characte^rized by 
their exclusive use /of the j^1<c3/2 instruction f/lrmatn interpreted 
as follows: / / ' ^ • 

/ 
Operation Code/ j /| k / / ^ 



fi 



/^ 



/| j 



kO 



kl' 



VL 



/(3D 



fl 



(21 



^ /^ 



Source F^deld 
associated designators 



Destination Field / 
associated designatprs' 



/ 



/ 



J 



/ 



/ 



2.3-1.1 ^Operation Codes 



/ 



/ 



/ 



/ 



A total of 31 operation codes shall tj'e utilized by th6 instruc-xion 



These instructions atie in- 



comprising the- BDp* Instruction group. 

dividually listed'with their f ull /lames/ln Appendix^ A of tffis 
specification. /For the purpose dt this spec if icatlonn the BDr ^• 
Instructioli group shall be further divided into six suJDgroupsn / 
'including'' "short" instruction .nam£Sn .as follows/. / / 

- / / / / - ^- / J 

Note: /For the order of exception sensing for/thes/ instructj.onsn 
as well as all other instructionsn see paragraph /2-fi-7 

' / / / 
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Maijk to Boolean y 

S^t Xk Right per j ajfd -CX1> Right 

^M5 jk / 



/ 



/^ 



/ 



/ 



/ 



/ 



This instruction shall test the iTwo bits initially contained in the 
rightmost two/bit positions! b^B- and b3n of Registep-^Xl Right according 
to the M-biJ:^ j field from the/instruction- Uhen ^he value of the two 
rightmost bits initially contained in Register X^I Right is equal to 
any of tjie one or more va^^/es specified by the/lnstruction's j fieldi . 

"■" -. -•- .---^ -^.Qj^^ 32 through ti2 and'^ 

of the two rightmost 



— - _. — _. — _ .^-^ — — i--^ — "J — -/ - 

Xk Right shall JDe cleared in bit positi 
shall/6e set in bit pos/tion ti3. When the value 



^. y^ 




^■Id^A^-WC dCb All WJkW pW^/XUAWII D-J> UlllCii UIIC JfCIJ.UIC Ul UIIC bWW I X^iiblll-W^li 

bits/initially contaipfed in Register XI Right is not equal to any'^of 
the' one or more vali|/s specified by the ^i'ftstruction's j f ieldn^egister 
\ )<J< Right shall be g-leared in all 3E bit/positionsn 32 through/L3- The 
lvalues of the j f^iield and the rightmo^st two bits initially Contained 
' in Register XI 5^ight shall be interpreted with respect toyequality 
■CEfl} as follows': 
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/Bits bE 


and b3 of XI Riqhtn resoectivelv/ 
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Efl 1 
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Unconditional Equality 


/ 1 
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Note: 



HKPM 



/ ■ / / 

The four bits^of j can be visualizad as pointers which are 
associated /from left to right> with the four possible values /". 
•CDDt DIt id and 111- of the teste;! bit-pair {bits tB^^and t3 / 
of Regis^r XI Right>. For example t if j = Dipii/equality sKall 
be detected when the value of/€he tested bit pair is Dl or_ li. / 



DOCUMENT 


SECTION 


NCR 




CONTROL DATA | 




THIS 


REPLACES 


FILE 






ADVANCED SYSTEMS LABORATORY 


DATE 

Seot- 


3D-, n7M 


WS.M 3D-, n7M 


APPROVED 

ASL 


APPROVED 

NCR 


APPROVED 

CDC 


PAGE 


ST 


ST 



5.3 



2-3.1 



Business Data Processing Instructions 
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General Description 



The instructions in this group shall be further characterized by 
their exclusive use of the jk(2/2 instruction format-, interpreted 
as follows: 



Operation Code 
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JD 


jl 
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kl 
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Source Field 
associated designators 



Destination Field 
associated designators' 

2-3.1.1 Operation Codes 

A total of 31 operation codes shall be utilized by the instructions 
comprising the BDP Instruction group. These instructions are in- 
dividually listed with their full names in Appendix A of this 
specification. For the purpose of this specification-, the BDP 
Instruction group shall be further divided into six subgroups-, 
'including "short" instruction nam£S-, .as follows: _ 

Mote: For the order of exception sensing for these instructions-, 
as well as all other instructions-, see paragraph 2.3-7 of this 
specification. 
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Subgroup 



BDP Numeric 



Byte 



Descriptor 



Logical 



Immediate Data 



Register Load 



MBIPill 



Short Name (Z\) 



Sum ^ 
Difference*^ 
Product ^ 
Quotient '-^ 
Scale 
•S Scale Rounded 
Decimal Compare 
Numeric (love 

L 



Compare 

Compare Collated 

Scan While Non-Member 

Translate 

Move Bytes 

Edit 



Hove Table Entry 

Increment by Table Entry 

Insert 

Extract 

Increment by X-Register 

Decrement by X-Register 

v^ajxulate Subscript and Move 



f AND 
I OR 
^ XOR 
NOT 



Move Immediate Data 
Compare Immediate Data 
Add Immediate Data 






Load A-Register 
Load X-Register 
Store X-Register 



2.3.1.S Source Field Designators 

Designators associated with source fields shall be interpreted 
from jk(2/E formatted instructions as follows: 

The 1-bit jD field shall be interpreted in the zero state as 
I designating Register AH-i and in the one state as designating 
I Register ASt with respect to specifying the A Register which 

contains the PVA corresponding to the first location in 

central memory of the Data Descriptor Table associated with 

the source field- 

The a-bit (2D field shall be interpreted as a halfword item 
count with respect to designating a specific Data Descrip- 
tor in central memory as contained in the DDT associated 
with the source field. Thusn the fi-bit (2D field shall be 
expanded to 3D bits by extending zeros on its leftn these 
3D bits shall be shifted left S bit positions with zeros 
inserted on the righti and the 3B-bit shifted result shall 
be added to the rightmost 32 bits of the PVA obtained from 
I Register A M or Register ASn -Cas determined by jDi> with re- 
spect to the formation of the central memory word or half- 
word address corresponding to the location of a specific 
Data Descriptor associated with the source field. 

The 3-bit jl fieldi after concatenation to a one bit in the most 
significant position! shall be interpreted according to the 
resulting valuen fl through ISt as designating one of the eight 
A Registersn Afi through AF, respectively! with respect to 
specifying the A Register which contains the PVA corresponding 
to the unmodified leftmost byte address -Cbase> of the source 
field in central memory. See Fx^iMfe 2-3-1. 

2.3.1.3 Destination Field Designators 

Designators associated with destination fields shall be in- 
terpreted from jk(2/2 formatted instructions as follows: 

The 1-bit kD field shall be interpreted in the zero state as 
designating Register AMt and in the one state as designating 
I Register A5t with respect to specifying the A Register which 
contains the PVA corresponding to the first location in 
central memory of the Data Descriptor Table associated with 
the destination field. 
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a-3-B-B lilord "iiftTPi "S^EscfeAT^rots. . 

Data Descriptors where the F field is equal to 1 shall be tM- 
bits in lengthn shall be located on any word boundary within 
a DDT and shall be formatted as follows: 



2.3.B.3 
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DO 






r ii 1- J 


Lt Data Descript 
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Field-i Di T and L 

The D-, Ti and L fields shall be identically interpreted for both 
Data Descriptor formatsi as follows: 

a. D Field: The D field is a reserved field consisting of 2 

bits in positions Dl and D2 of the Data Descriptor. 



Unless the PVA used to access a t.i|-bit word as a Data Descriptors-^ /^ ._q __ \ 
is equal to On moduJLo At an (Address Specif ication) error shall be 'd v^oouDXi-^j 

detected-, the associated BDP instruction execution shall be in- 
hibited and the corresponding program interruption shall take 
place* 

Word Data Descriptors shall utilize the It-bit fieldn in bit 
positions It through 31 as a byte item count to be applied as 
a signed offset •C2's complement for negative offset} to the 
leftmost byte address -Cbase} of the associated source or destin- 
ation field in a manner identical to that previously described 
for Halfword Data Descriptors. However-i Word Data Descriptors 
shall also utilize the 32-bit B field-, in bit positions 32 
through t3 as a byte item count to be applied as a signed index 
•Ctwo's complement if negativeJi to the leftmost byte address -CbaseJ 
of the associated source or destination field. Thusi both the 
signed offset represented by the It-bit field-, and the signed 
index represented by the 32-bit B field-, shall be added to the 
rightmost 32-bit positions of the PVA obtained from the A Register 
specified by jl+fi-, or the A Register specified by kl+fin with 
respect to the formation of the leftmost byte address of th« 
source or destination field-, respectively. 
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b. T Field: The T field shall consist of M bitsn in bit posi- 
tions D3 through Db of the Data Descriptorn and 
shall describe the type of data representation 
used in the associated source or destination field. 
The lb values of the T field are assigned data type 
representations as follows: 



a 

S 
b 
7 

a 

lS-15 



Packed Decimal No Sign 

Packed Decimal No Sign Leading Slack Digit 

Packed Decimal Signed 

Packed Decimal Signed. Leading Slack Digit 

Unpacked Decimal Unsigned 

Unpacked Decimal Trailing Sign Combined Hollerith 

Unpacked Decimal Trailing Sign Separate 

Unpacked Decimal Leading Sign Combined Hollerith 

Unpacked Decimal Leading Sign Separate 

Alphanumeric 
Binary Unsigned 
Binary Signed 
Reserved 



2.3.E.M 



As determined by the operation coden source and destination 
field data types shall be restricted to only those combin- 
ations which are defined as valid within the instruction 
descriptions. The designation of invalid T field combina- 
tions within the associated Data Descriptors shall result 
in the detection of an Instruction Specification errorn the 
instructions execution shall be inhibited and the corresponding 
program interruption shall occur- See S-fi-l-M- 
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c- L Field: The L field shall consist of T bitSn in bit posi- 
tions D7 through IS-i and shall describe the length 
of the associated source or destination field. The 
length shall be expressed in terms of bytes. Although 
the L field can contain larger values -Cmaximum 511>n 
the length of a BDP operand shall be restricted to a 
smaller value according to the operand data type. 
These inclusive limits are the following: 



9.x 



n bytes for Packed Decimal -Ctypes D through 3>t 

f3 a bytes for Unpa cked 1 Decimal -Ctypes M through fi> 
£^^^^^Q) bytes for Binary -Ctypes ID and 11 In 
BSb bytes for Alphanumeric -Ctype TJ- 

Uhen any L field exceeds the specified maximum associated with a 
given data typen an Instruction Specification error shall be detected- 
the execution of that instruction shall be inhibited and the corres- 
ponding program interruption shall occur- See B.fi-1.'4- 

Overlap 

The execution of BDP Instructions shall be undefined! with re- 
spect to the generated results-i for every case in which the 
source and destination fields overlap and are not coincident 
in their leftmost and rightmost byte positions- 

E.3.E.S Data and Sign Conventions 

Uith respect to numeric data and sign conventions! interpre- 
tation shall be performed according to Type -CT3- where appli- 
cable! for characters -COn Digits -CD> and Signs -CS}-. using 
hexadecimal notation-i as follows: 

Note: Data field examples are illustrated as three byte fields- 
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Type 0: Packed Decimal No Sign 



D: Hex-CD> through hex-C^> i Decimal through Tn respectively- 

Note: This format corresponds to an even number of digits in the 
decimal number- 

Type l: Packed Decimal No Sign Slack Digit 

ID D I D D I D D I 



D: Hex-CD>n Decimal D 

D: Hex-CD} through hex-C^l n Decimal D through Ti respectivelyo 

Note: This format corresponds to an odd number of digits in the 
decimal number* 



Type E: Packed Decimal Signed 



,£J>SS 



] 



D: Hex-CD> through hex-C1>n Decimal D through Tt respectively. 
S: Hex-CAJi -CBJ-. -CO-. -CEJ-. or -CFJ : positive -Chex-CO is preferred>i 
Hex- CD} : he gative. ' 

Note: This format corresponds to an odd number of digits in the 
decimal number- 



Type 3: Packed Decimal Signed Slack Digit 






D 



0: Hex-CD>i Decimal D 

D: Hex-CD} through hex-C1}n Decimal D through Tn respectively- 
S: Hex-CA}-. -CB}n -CC}-. -CE}-. or -CF} : positive -Chex-CC} is preferred}i 
Hex-CD} : negative- 

Note: This format corresponds to an even number of digits in the\ 
decimal number- 
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e- Type M: Unpacked Decimal Unsigned 



I 



D: ASCII character D through T represented by hex-C3D} through 

hex-C3^}T respectively- 
Type 5: Unpacked Decimal Trailing Sign Combined Hollerith 



D: ASCII character D through T represented by hex-C3D} through 
hex-C31}i respectively; 

C: An ASCII character decoded as follows: 

ASCII 1 through T -Chex-C31} through hex-C3^}} either represents 
ASCII A through I. -C hex-CMl} through hex-CM^}} -^l through •^^ 

ASCII J through R -Chex-CMA} through hex-CMF} represents 

and hex-CSD} through hex-CSa}> -1 through -T 
ASCII i-,D-.& -ChexCTB}, hex-C3D}-, hex-CBb}} 
ASCII }-.- -C hex-CTD} -. hex-CSD}} 



represents -^D 
represents -D 
Note: The underlined characters and codes are the preferred ones 



g- Type b: Unpacked Decimal Trailing Sign Separate 



: 
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T 



] 



B: ASCII character D through "5 represented by. hex<3D> through 
hexO^In respectively. 

S: ASCII character + -Chex-CSB}} : positive signi 
ASCII character - -Chex-CED}} : negative sign- 

h- Type ?: Unpacked Decimal Leading Sign Combined Hollerith 



C and D have the same meaning as for type S in subparagraph f. 
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i. Type fl: Unpacked Decimal Leading Sign Separate 

Is I 1> I B I 

D and S have the same meaning as for type L. in subparagraph*^ g - 

j. Type T: Alphanumeric 

I c I C , I CI 



2-3.3 



5^;^' 




C: Any ASCII character code- 



k. Type ID: Binary Unsigned 

The field defined by the number of bytes contains the positive 
binary value of the operand- 

1. Type 11= Binary Signed 

i The field defined by the number of bytes contains the signed 
i binary value of the operand-, negative values being represented 
j in the E's complement form. 



ii 



BDP Numeric 

The instructions in this subgroup shall provide the means for 
performing arithmetic-, shift-, conversion and comparison oper- 
ations for byte fields in central memory consisting of numeric 
decimal data. 

Unless the length-, type and format fields within the Data Des- 
criptors associated with the source and destination fields-, 
conform to the restrictions defined within the following in- 
struction descriptions-, the detection of a Length-. Type or 
Data Descriptor Specification error shall result in an Instruc- 
tion Specification Error condition-, the execution of the as- 
sociated instruction shall be inhibited and the corresponding 
program interruption shall occur. 



Uhen invalid decimal data is encountered in the course of ex- 
ecuting one of the following instructions-, an Invalid BDP 
Data condition shall be detected and upon completion of the 
associated instruction execution-, the corresponding program 
interruption shall occur-, if enabled. 

Uhen the results from a decimal operation exceed the capacity 
of the designated destination field such that significant di- 
gits are not stnr prf i nto cen^r^ T,,,, memo ry -i -Ci.e.n leftmost non- 
zero diqjfc '^ arp tnmrahprlJ:^ a De^cim^l -Si.gnifj^^ar.ff > Q'^'== ^hRM 

be detected and upon completion of the associated instruction's 
execution-, the corresponding program interruption shall occur-, 
if enabled- 

Leading zeros shall be supplied and leading digits shall be 
truncated with respect to accommodating unequal source and 
destination field lengths- Thus-, conceptually! these instruc- 
tions shall process the data fields from right to left. 

Note that these conventions shall cover the end cases for numeric 
operands of length equal to 1 for all numeric data types. For 
instance T a Hove Numeric from a type S .operand to a type 3 or type 
Id operand of length 1 would amount to an extraction of the source 
field sign. -^ ^ -^ 

A source BDP operand of numeric type -CD throuqh Dfi-, ID and 11> 
and of length zero-, shall be interpreted as the value zero. 
A destination BDP operand of length zero shall transform the 
associjted_ijlsJU2Ug ±io.D_ i"t o a no-op. Howevern exception sensing 
fop^the s our c e'Tl e 1 d sh a nf^Si^euiiwi prm ally-, including the testing 
f c{r__^J^£ci,mjX^SJLqniXi^cance) Los.S— condition •» provided the source , 



f JBjd does^ not,, also have a length^of zero«'^ 



Note: The representations for zero-, zones and signs shall 
be normally determined by interpreting the T field from the 
Data Descriptor associated with the destination field- 
Division by zero shall not be allowed to the extent 
that the destination field in central memory shall not be 
changed and a Divide faujJb condition shall be detected - 

Minus zero shall be considered equivalent to plus zero by all the 
instructions in this subgroup-, with respect to decimal numeric 
data- 
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For the instructions in this subgroupi -Cnamely the Decimal 
instructions}! as well as all the instructions contained in 
the BDP Instruction group-, the term "D-CAjJ" shall be used to 
denote "the contents of the source data fieldsi" addressed by 
means of the components associated with the BDP instruction's 
j field designators. Similarly-i the term "D-CAk>" shall be used 
to denote "the contents of the destination data fieldn" addressed 
by means of the components associated with the BDP instruction's 
k field designators. 

Arithmetic 

a. Decimal Sumn D-CAk> replaced by D-CAk> plus D-CAjJ 

D7M jk(2/2 
b- Decimal Difference! D"CAk> replaced by D-CAk> minus D-CAj> 

D7S jk(3/2 

c. Decimal Productn D-CAk> replaced by D-CAk> times D-CAj> 

071= jk(3/2 

d. Decimal (Juotientn D-CAk> replaced by D-CAk> divided by D-CAj> 

D77 jk(2/2 

Operation: These instructions shall arithmetically modify 
the initial contents of the destination field in central mem- 
oryn {treated as an augendi minuendn multiplicand or dividend 
as determined by the operation code> by the contents of the 
source field in central memory {treated as an addendi subtra- 
hendn multiplier or divisor as determined by the operation 
code> and shall transfer the decimal result consisting of a 
sumn difference! product or quotient! as determined by the 
operation codei to the destination field in central memory. 



Types:All Packed decimal types and all Unpacked decimal typesn except 

for the Leading Sign formatsn shall be freely allowed for decimal 

arithmetic! i-e-n types Ui 1-, 2i 3n Mn St tn shall be compatible 
for these instructions. 

Unpacked Decimal Leading Sign -Cboth conventions! shall not be 
supported in the decimal arithmetic. A Numeric Move instruction 
must be generated to format the operands of those types prior to 
their use in arithmetic operations. 

Lengths: The maximum allowable lengths for the source and 
destination fields shall be determined according to their res- 
pective decimal data types as defined in subparagraph 2-3. 2. 3n 
item Ct of this specification. 



Notes: Decimal operands shall be treated as integer 
values. Division by zero shall be illegal to the extent that 
such operations shall be treated as Divide Faults in the man- 
ner described in paragraph 2.3.3 of this specification- 

The results fromthese instructions shall be algebraically 
signed unless they are equal to zero in their entiretv i in 
which case their signs shall be made positive. 

These instructions shall generate a result value in accord- 
ance with the type T of the destination field and the pre- 
ferred sign convention for that given type. 



2.3.3.2 Shift 



The following instructions shall move the data initially con- 
tained in the source field to the destination field. Unless 
the 32-bit halfword contained in Register XD Right consists 
entirely of zeros in its rightmost fl-bit positions! these in- 
structions shall also shift the data from the source field as 
it is moved to the destination field. 



ft 



The 32-bit halfword contained in Register XD Right shall be 
interpreted as a signed binary integer providing a signed shi 
count. Uhen this 32-bit halfword is positive! the direction 
of the shift shall be left with the number of decimal digit 
positions to be shifted determined by the value of the rightmost 
fi bits! in bit positions 5b through b3! of Register XD Right. 
When this 32-bit halfword is negative! the direction of the 
shift shall be right with the number of decimal digit positions 
to be shifted determined by the value of the two's complement 
of the rightmost fi bits! in bit positions St. through t.3! of 
Register XD Right. -COnce the direction of the shift has been deter- 
mined! bit positions 32 through SS of the shift count shall be ignoied] 
Thus! positive shift counts shall provide the means for mul- 
tiplying the source data field by powers of ID! and negative 
shift counts shall provide the means for dividing the source 
data field by powers of ten! as the source data is moved to 
the destination field. 

When non-zero digits are shifted left end-off! or truncated on the 
left! a Decimal Significance Loss condition shall be detected- 



Shifting shall be accomplished end-off with zero fill on the 
appropriate end-Cs> as required to accommodate the length ajid jvc ie 
of the receiving field. -CFor example! when the destination field 
is longer than the source fieldn and the difference in field lengths 
is greater than the left shift count! such a scale instruction 

shall provide zero fill! to the extent required! 

on both the right and left ends of the destination 

field result-} 
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Types: All packed decimal types and all unpacked decimal 
typesi except for the Leading sign formatsi shall be freely 
allowed for decimal scale instructions! i.e-i types Dt In En 
3i ^^ St and L shall be freely compatible for these instructions. 

Lengths: The maximum allowable lengths for the source and 
destination fields shall be determined according to their 
respective decimal data types as defined in subparagraph 
E.3.E.3n item c-i of this specif ication- 



a. Decimal Scale-i D-CAk> replaced by D-CAj>t scaled per -CXO Right- 

07a jk(3/S 
b- Decimal Scale Roundedi D-CAk> replaced by rounded D-CAj>t scaled 
per .-CXD} Right- 

07^ jk(3/E 

Operation: These instructions shall move and scalei according 
to the contents of Register XD Righti the decimal data field 
initially contained in the source field to the destination 
field. They shall transfer the sign of the source field to 
the destination field without -changei -Cunless the results con- 
sist entirely of ZGros in which case the sign of the destina- 
tion field shall be made positive or unless the result would other- 
wise contain a non-preferred sign in which case the sign of the 
destination field shall contain the preferred signj. 



Scale Rounded: When specified by means of the operation code-i 
rounding shall be performed for negatively signed scale fac- 
tors by adding five to the last digit shifted end-off and pro- 
pagating carriesn if anyn through the decimal result transferr- 
ed to the destination field. Thus the absolute value shall be 
rounded upwards- 
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S.3.3.3 Move li^Q^M^L f\K.o-lx,\,.r(*m^ 

Numeric Moven D{Ak> replaced by D-CAjJ after formatting 
ms jkfl/S 

This instruction shall format the number obtained from the 
source field and shall transfer the result to the destination 
field. 

The source field shall be validated according to the T field 
from its associated descriptor^ the source field shall be 
reformatted according to the T field from the data descriptor 
associated with the destination field and the result shall be 
transferred to the destination field . 

The format of the different data types allowed i^ this instruction 
are described in subparagraph S.3.E. 5 of this document. The 
conversion and format operation shall be performed on any combi- 
nation of fields of type D through 11. In this instruction! 
an operand of type T shall be handled exactly as an operand 
of type Ml including length restriction! z ero-f illi and data val-' 
idation conventions as well as right to left processing- 
If the source has a decimal data type and the destination a 
binary data typei a conversion from decimal to. binary shall . 
be performed. In this casei the maximum length, for the source | 
I shall be determined by the decimal data type: l.^bytes for 
I TiqaRS^D through 3t and 3a_b^yJ:jej5_Loi2.«Xy'Pe3«jy-4;hru fli the maxi- I 
mum f i eTd i e ng tTJTTor" the destination^shiall be_jfl__bytes. I 

If th~e~clestlnation field is not long enou^gFTto^ accommodate the 
entire binary numbern truncation of the leftmost bytes shall 
occur- If the destination field is longer than the result of 
the conversion! the sign bit shall be extended on the left. 

If the source has a binary data type and the destination a 
decimal data type! a conversion from binary to decimal shall 
be performed. The length restrictions on the operands are the 
same as in the previous case- If the destination field is too ""^jQjjOcf^ 
short to accommodate the converted number! leading digits shall 
be truncated according to the destination'?; c^ara type .^ if the 
^ receiving field is longer tna n ^^p r onv^rt^ d mimbern leadin g ^6rllO 
z eros snail be suppiiea in_a ccordgfl£g.jja^^ dscirnfll, data typgj 
A V<uIl ct^a«2ac ter ze ro"'!tgex0 5S».4M^^*Kil'Q^t^^ 

Idhen truncation of binary data results in loss of"siq nif icance 
or an improper sjgnj^ an A rithmetic overt low c ondition shall be 

r efbrdecn Uhen i-runcation'^-^f d ecimal data results in loss of 

significanc^e n-^A-JIacJJiial Loss of ^S±aalticance cond ition shall be 
recorded. 
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Uhen both operands are decimali their maximum allowable lengths 
shall be detfirmined according to their respective decimal data 
types as defined in subparagraph 5-3. E-3t item Cn of this speci- 
fication- 

The destination 
shall be filled from right to left- Unequal field lengths shall 
result either in truncation of the leading digits or in insertion 
of leading zeros according to the destination data type: ASCII 
character zero -Chex-CaOJ or digit zero -Chex-CDJ}-- 



2.3-3-M Comparison 
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Decimal Compare ]>-CAj> to D-CAkJi result to XI Right. 
Dfi3 jka/E 

This instruction shall algebraically compare the decimal con- 
tents of the source field to the decimal contents of the des- 
tination field and shall transfer a 32-bit halfword to Regis- 
ter XI Right according to the results of the comparison. 

Uhen the contents of the source and destination fields are 
equali the entire 32-bit positions of Register XI Right shall 
be cleared. 

Uhen the contents of the source field are greater than the 
contents of the destination fieldn Register XI Right shall be 
cleared in the leftmost 31 bit positionsn 32 through ti2i and 
shall be set in the rightmost bit position! b3. 

When the contents of the source field are less than the con- 
tents of the destination fieldi Register XI Right shall be 
set in all 32 bit positions- 
Types: All Packed decimal types and all Unpacked decimal data types 
except for the Leading Sign formatsi shall be freely allowed in 
comparisons! i.e.T types* Ot It 2i 3t Hi S-i.h shall be compat- 
ible for this instruction. 

Lengths: Lengths shall be confined to the same maximum values 
as for "a Decimal Difference instruction. Un- 

equal field lengths shall be accommodated by providing zero 
fill in the leftmost positions! as required! for the field 
having the shorter length. The maximum number of bytes oc- 
cupied by each operand is a function of its data type and is 
specified in subparagraph 2-3.2.3! item C! of this specification* 
Note: As previously stated in 2.3.3! minus zero shall be inter-, 
preted as being equal to plus zero. | 



^ 



Byte 

The instructions in this subgroup shall provide the means for 
comparing! scanning! translating! moving! and editing 

byte fields in central memory to the extent defined by 
the following instruction descriptions. 

These instructions shall utilize spaces for extending Alpha- 
numeric -CType T} fields! with the space being represented by 
hex •C2a>. 

A source byte operand of length zero shall be functionally 
interpreted as a string of space characters -CASCII character: 
hex -C2D» for all the instructions in this subgroup. 

A destination byte operand of length zero shall transform the 
associated instruction into a no-op. However! exception sensing 
for non-zero lenq thL_£Lelds- shall occur normally! despite the 
destination field length of zero. 
' Decimal Significance Loss shall not be detected for the in- 
structions in this subgroup. 



2-3. ^-l Comparison 



MUKPill 



a. Byte Compare! D{Aj> to D{Ak>! result to XI Right! index to 
XD Right 

b. Byte Compare Collated^ D-CAj> to D-CAk>! both translated 
per_-CA7>! result to XI Right! index to XD Right 

ru&B\2ka/2 

These instructions shall compare the bytes contained i" the 
source field to the bytes contained in t he destination field 
and shall transfer the results of that comparison to Register 
XI Riqht. 

The comparison shall proceed from left to right- Uhen the 
field lengths are unequal! trailing space characters shaU 
be used for the field having the shorter lengtn- The maxi- 
mum length for each operand shall be^SSb bytes - 

T hese instrjLjctions shiLll~ianoj:e__Ji]e Jwa^ Each byte 
fr^nt^Vo-uFce ind^-dTstination field shall be treated as an 
fl-bit quantity haying an absolute value with respect to the 
comparison operation- 
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The comparison shall continue until the longer field has been 
exhausted or until an "inequality" is detected between corres- 
ponding bytes from the source and destination fields accord- 
ing to the following definitions. For the Compare instruc- 
tion! inequality between the bytes obtained directly from the 
source and destination fields shall result in the completion 
of the comparison. For the Collated Compare instruction in- 
equality of the bytes obtained directly from the source and 
destination fields shall result in the translation of both 
bytes-i by means of a translation tablei and inequality of the 
translated bytes shall result in the completion of the compar- 
ison. Uhen the translated bytes are equaln and the longer 
field has not been exhausted! comparison between the corres- 
ponding bytes obtained directly from the source and destin- 
ation fields shall be resumed. 

Uhen every byte associated with the source field is equal to 
every corresponding byte associated with the destination fieldi 
{including the trailing space characters if anyJi the entire 
3S-bit positions of Register XI Right shall be cleared. Uhen 
the first inequality between bytes occurs as a result of a byte 
associated with the source field having a greater value than the 
corresponding byte associated with the destination field-, Regis- 
ter XI Right shall be cleared in the leftmost 31-bit positionsn 
3B through tSn and shall be set in the rightmost bit position! 
t3. Uhen the first inequality between bytes occurs as a result 
of a byte associated with the source field having a value less 
than the corresponding byte associated with the destination 
field! Register XI Right shall be set in all 3S-bit positions. 
In addition! the sequence number of the byte which caused the 
Ist inequality will be placed in Register XD Right. 

Translation Table: The translation table used for each occur- 
rence of direct inequality during Collated Compare instructions! 
shall be addressed by means of Address Register A?. 

Each byte shall be translated by using its value as a positive 
offset to be added to the beginning -CleftmostJ address of the 
Translation Table! as contained in Register A?! for the purpose 
of addressing the translated byte to be read from central memory. 
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E.3.M.E Byte Scan 



Byte Scan Uhile Non-Member! D-CAk> for presence bit in D-CAj>! 
index to XD Right! character to XI Right- 
Dflb jkfl/E 

Operation: The operation shall proceed from left to right 
on the destination field addressed by D-CAk>. One character 
at a time shall be taken from this character string and used 
as a bit address into the string addressed by ]>-CAj>. The scan 
shall terminate if the bit thus addressed is ON or if the des- 
tination field has been exhausted! otherwise the nelct^charac- 
ter in D-CAk> is considered. 

Source Field: The type and length fields in D-CAj> shall be ignored- 
The operand addressed by D-CAj> shall be interpreted as a bit 
string consisting of ESb bits -£32 bytes>- 

Destination Field: The type field in D-CAk> shall be ignored. 

The operand addressed by ]>-CAk> shall 
be interpreted as a byte string! and restricted to no more than 
2Sb characters. 

huL^'h-7 v^lue 0^ the sequence number in the string! of the 
byte which caused the scan to terminate shall be placed riqht 
justified into XD Right. r-xgnu 

The binary value of the character itself which caused the scan 
to terminate shall be placed right justified into XI Right- 

If the scan stops by exhaustion of the characters in the byte 
string! XD Right shall contain the length of the original bvte 
string and XI Right shall be set equal to -1- 

Note: The function Byte Scan Uhile Member can be performed 
by means of the Byte Scan Uhile Non-Member if the bit string 
specifying the characters not allowed in the byte string has 
been previously logically negated. 
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2-3. M. 3 Translate 



Byte Translate! ]>-CAk> replaced by D-CAj>-. translated per A7 
Oaa jkfl/B 

This instruction shall translate each byte contained in the 
source fieldi according to the translation table in central 
memory and shall transfer the results of the byte by byte 
translation to the destination field. 

The translation table shall be addressed in a manner identi- 
cal -to that previously described for the Collated Compare in- 
struction in subparagraph S.3.M.1 of this specification. 



The Type fields in the Data Descriptors associated with the 
so urce field and the destination field shall be ig nored . 
Both operands shall be restricted to no more t nan ^ggtrij ytes. 

The translation operation shall occur from left to right uith 
each source byte used as a positive offset to be added to the 
beginning {leftmost byte} address of the translation table for 
the purpose of permitting each byte's translation- Translated 
bytes-i thus obtained from the translation tablen shall be trans- 
ferred to the destination field. The translation operation shall 
terminate after the destination field length has been exhausted. 
Uhen the source field length is greater than the destination 
field length-i rightmost bytes from the source field shall be 
truncatedn to the extent requiredn with respect to the trans- 
lation operation. Uhen the source field length is less than 
the destination field lengthi translated space characters shall 
be used to fill the rightmost byte positions of the destination 
field to the extent required. 



2-3. H.M Move 



This instruction shall provide the means for moving the bytes 
contained in the source field to the destination field. The 
type fields of the source and destination data descriptors shall 
be ignored and any combinations of the values through 11 shall 
be allowed. 



Move Bytesn D-CAk> replaced by D-CAj>. 
OaT jk(2/2 

This instruction shall move the bytes contained in the source 
field to the destination field- The operation shall be per- 
formed from left to right with unequal field lengths accommo- 
dated by the truncation of trailing characters from the source 
field or the insertion of trailing spaces into the destination 
field. 
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E.3.M.S Edit 

Editn D-CA:<> replaced by ]>-CAj> edited per M-CA?}. 
mi jk(2/B 

This instruction shall edit the digits or characters contained 
in the source field according to an edit mask, in central memory 
and shall transfer the result to the destination field- The 
edit mask shall be addressed by the PVA contained in A7 - The 
edit mask shall consist of a one byte length indication followed 
by a string of micro-operations- 

The edit instruction shall terminate under control of the mask- 
If the destination field is filled before the end of the mask 
is encountered! then the writing of further characters beyond 
the destination field shall be disabled but .the. Edit shall 
proceed until the end of the mask is encounteredn an Invalid BDP 
Data condition shall be recorded- If the Edit terminates 
before the destination field is filledi then- any further charac- 
ters in the destination field shall remain undisturbed and no 
exception conditions shall be detected for these circumstances- 
Type: The Data Descriptor type fields shall be confined to the 
following- 



Source 
D,l,B,3,^,5,b,7,fl,^ 



Destination 



Special Conventions: The edit operation shall utilize the 
tables and toggles listed below- 

a- Special Characters Table -CSCT>: The SCT is an eight byte 
table that shall be initialized by the machine at the start 
of each edit operation to contain the following. 



Table index 
Character 



To 

b 




blank fill character 
—suppression character 

positive sign 
r_ negative sign 




b- 
6 



Entries in the SX3^ shall be readattle/wri table under control 
of certain micro-operations comprising the mask - 

The Symbol {Sn>: The symbol is a string of £ to 15 characters 
that sJhalXJbe cre(ated__ujider control _o f^jbhe_ejjij: mask ^nd 
i£sej2tedL^int^ot^ e 

ed i t masicT Oncethe SM 'has been inserted into the destination 
TlTeTcTr^t must be recreated before it can be inserted again- 
At the start of an edit operation! the SM shall have a zero 
length. __ 

T he Sn shall be utilized for the fj^oatinq sign and f loating 
currency editing features- It shall also be utilized for 
sign sensitive a nd si gnificanc e sens^ti_yg,,..ciaai;i aj: t e r_ s t ri^^ 
insertion- ** ~-r— , , 1 

c- End Suppression Toggle -CESl: This toggle controls zero 

suppression. At start of editn the ES shall be initialized 
FALSE. The ES shall be set TRUE when zero suppression ends. 

d. Negative Sign Toggle -CSN}: This toggle signifies the sign 
of the source field. At start of edit-i 'the SN shall be 
initialized FALSE for an alphanumeric source field or a - 
p ositive numer ic source^ fielcb- It shall be initialized 
fRUE" for a negative numeric source field- 

******* ■?<='=. £;&iso ■p:«e.»_T=>. 

e. Zero Field Toggle -CZFJ: This toggle signifies whether the 
source field isz^ro or non-zero. It shall be initialized 
FALSE for an a'lphanumeric source field and TRUE for a numeric 
source f iel3. 

Edit Micro-Operations: The mask shall be interpreted as a string 
of one byte micro-instructions with the following format- 



!nop 



sv 



The MOP is a micro-operator. It specifies an editing function- 
The SV is a specification value. It's meaning varies according 
to the specific HOP which it follows. 
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Edit control shall proceed from left to right on the maskn 
one character -Cor micro-operation> at a time- After inter- 
pretation of the micro-operationn action shall be taken on the 
source and destination field characters -Cor source digits} 
which shall also be operated from left to right- 

Indexing through the source field shall be by bytes unless 
its data-type is packed numeric when indexing shall be by 
half-bytes- Indexing through the destination field shall be 
by bytes- 



Although not included in each descriptionn prior to the execution 

of each micro-operation the edit mask index shall be incremented 

by one. 

The following descriptions of the micro-operations are not 

intended to rigidly dictate the implementation technique 

so long as the function of each individual MOP is accomplished- 



The logic is specified concisely using a SUL-like notation- 



UJVvevt 



\^.:^. 



^^^<\^ 



wVct/vv 



^©V». OJUl 



Notation for MOP descriptions. 



•t<=>'>rraot^HU;^^, 



i Index for source fieldi initialized to D- 

j Index for destination fieldi initialized to D. 

k Index for maski initialized to D- 

SC-Ci> The source character addressed by base of source 

field indexed by i- 
SI>-Ci> The source digit addressed by base of source field 

indexed by i . 
l>C-Cj> The destination byte addressed by base of destination 

field indexed by j- 
nC-CkJ The mask byte addressed by base of mask field indexed 

by k- 
ES End suppression toggle - 
ZF Zero field toggle- 
SN Sign toggle- 
SCT Special character table 

SCT-Cn> Nth entry in the SCT -Cvalue must be 0-73-. 
SV Specification value- 
sn The symbol - 

LSn Length of the Symbol in bytesi initialized to zero- 
R A loop counting mechanism ^associated with SV>. 

C A loop counting mechanism ^associated with LSn>. 

Note: The one byte I'ength indication contained in the leftmost 
byte position of the Edit Mask shall include itself in specifying 
the length of the Edit Mask- -CThusn a maximum of ES^ micro- 
operations may be specified by this byte>- 



.^ 



d. 



Move Sourc e ^Digits^ ■CnOP=D> ^ 
^riiTiT^gi ^-^ ue' h ^TT"^ 

ES := TRUEi .^\ 
-FOR R := 1 to SV; DO 

DC-CjJ := NUMERIC ;:--CSD{i»n 
i := i+lO := j+ln FORENDi 

Hjoye Source Characters ■CriOP = i}Jp 
S\r'may " be a ^ value 0- IS ^ 



SOURCE FIELD DATA 

TYPE "T SHALL BE TREATED 

AS TYPE M 






:Se^«»i't«m'^r^'or"^s peera 1 



ES := TRUEn 

FOR R := 1 to SV DO 

DC-Cj> := SC-Ci>n 

i- := i + ln j := j+ln 



\ J^vvcruu"^p-4^ 



T-Y-Pe^HALT^B E 
- I^GNOREDr^ ND^ 
tlEAIEDliAS^T-YPE^-. . 



FORENDt 



Skip Source^JPositions •CnOP=E> 
SVmay be a value D-iS 

i := i+SVn 

Skip Destination Positions -CnOP=3> 
SV may be a value 0-15 

ES := FALSEn 
j := j+SV^ 

Move Mask Characters •£MOP = M> 
SV may be a value D-IS 

FOR R := 1 TO SV DO 

DC-Cj} := MC -Ck+l>n 
• j := j+ln k := k+ln FORENDn . 



THE SIZE OF EACH 
SOURCE POSITION SHALL 
BE DETERMINED BY THE 
SOURCE FIELD DATA TYPE- 
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Select a Sign as the Symbol ■CnOP=S> ' ScT— ^^^^ 
SV may be a value H- F -Cbut is normally 1 or E>. 

SV shall be evaluated by ignoring the high order bit - O — 



^sffe 





Lsn : = 

IF SN 


In 

THEN.. 
ELSE 


sn-co : 

Sn-CD> : 


g- 


Select 
SV may 


Mask 
be a 


Characte 
value D- 




Lsrr^ : = 

FOR C 


SV 
:= 1 


to LSn DO 



V) 



[^tl9] 



scth:33-^ 

SCT-CSV> 2XEN|tn .,-i 



"NEGVE.='-'" 
"POSVE. = ' + ' or 'b" 



stn:c-i> := nC-Ck+l>n 
k ':=' k+lV FORENDn 



R. Ll.c3 



Move Source Digits or Suppress with Floating Symbol •CnOP=7> 
SV may be a value 0-15 




^FOR R := 1 TO Sy DO 
IF NOT ES THEN 



\ IF SD -Ci} = D THEN , 

DCrCj> := SCT-ClJn ^ (hD 
\ i :=- i+lV j := j+1t 

WeLSE "IF SD^> "4 D" i& ,^ 

f"FOR C := 1 TO LSn^O^r-/ .-^ 

(j := j+l>^ L'Sn := LSn-lV 

DC-Cj> := NLiJIERIC -CSD-Cmn 
i := i+lVj := J+55\ 
ES := TRUErTFrWDn 



ELSD "IF ES" 



DC-Cj> := NUMERIC -CSD-CiJJn 
i := i+l; j := j+l'-, IFENDn 



k 

"SUPPRESS" 

"1ST SIGNIF. DIGIT' 

"INSERT SYMBOL" 



"INSERT DIGITS" 




3 ^^A[o3 


5-5^^ - 


le^^^ z 




^_ ^.,VN4 03 


kJ^'^ 


. ■.~^;CJ1 -. \ 




SrA C-^] 






\ 



k. 



El 
SV 



nd Float ■cn0P=a> SAa<"v ^v^vic^v^co <^ r^c^c ^o^^k 
V is not used ^ \ ^ 



IF NOT ES THEN, 

ES := TRUEn ^ 
FOR C :=.l TO LSM DO 
DC-Cj> := SniCrl>n 
j' := j+li LSn := LSn 
FORENDn IFENDn 






(.lUcX UC)'vHl 



Insert Symbol or SCT Character! Unconditional •€IipP=1> 
SV may be a value 0-15» 



IF SV >7 THEN 

fF.OJ? C := l.TOv^sn DO 

DC-CJ3- := SnCC-lln 
\ j := j+li LSn := LSn-ln 
TORENDn 

ELSE "IF SV <fi THEN" 






t.^yv\(L3 

DC-Cj}:= SCTtSVJn \ Sd-t-fev^ -^ ci^vjot)^;::^. v^o^ ^ 
j := 3+1^ IFENDn V 

Insert Symbol or SCT Character if^osve-n Else blanks -CIlOPflD} 
SV^lay be a "varue- 0-15— ""^""""tUlS-i- Z 



IF SV >7 THEN.. 



FOR C := 1 TO LSM DO 



^5.c^ 



IF NOT SNTHEN D(;-Cj> := SM-CC-lJn 
ELSE DC-Cj} V= .SCT-CD>n IFENDn 
3 := 3+ln LSn := LSrizkn . \\U^ 



--/(■^(^sCi 



ELSE(^IF SV <a THEN 



r) 



flF NOT SN DC<3> := SCT-CSV>n 

ELSr^--^ DC-Cj} := SCT-CO>n IFEND, t 

L 3 = = j ■*■ 1 

IFENDn 



'BLANK FILL" 



"BLANK FILL" 
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Insert Symbol or SCT Character if Negve-n Else blanks •CriOP = ll> 
SV may be a value D-15 



This MOP is similar to HOP ID. Substitute IF Sji' for IF N0T_J:N- 
in that algorithm. 

Insert Symbol or SCT Character! Unless Suppression -EIIOP-IEI 
SV may^be a value 0-lS - 

IF SV >7 THE N 

fFOR C := 1 to LSn DO ^ (L ClI 

\ IF ES THEN DC-Cj> := Sn-CC-l>n^ 
VeLSE DC-Cj} := SCT-CIJV IFENDn 

j := j+ln LSn := LSn-ln 
LFORENDt 

ELSE "IF SV<a THEN" -. 

flF ES DC-Cj> := SCT -CSVln l^^"^^ -^ 

(JLSE DC-Cj> := SCTClJn IFENDn \A7 J 



"SUPPRESS" 



"SUPPRESS" 



IFEND-n 



= j + 1 



Urite SCT Entry •CnOP=13> 



mrite ^\.i entry xnvr-jijj- ^j^W ^ c /- T 

SV may be a value 0- F H&SU-— ^^^--V 



SV 



shall be evaluated by ignorinq the high order bit. 



SCT-CSV> := ,riC-Ck+l>T 
k := k+ln 



IS^J-^ 



o . Spread Suppression Character ■CI10P=m> 
SV may be a value D-IS 

^ FOR R i= 1 TO SV 1>0 r -7 1 

— DC-Cj> := SCT-Cl>n j := i+ln FORENDn ^ -^ 



Reset and Suppress-i On Zero Field ■Cf10P=lS> 
SV may be a value D-IS 



IF ZF THEN 

j := D 

FOR R := 1 TO SV DO 



"RESET TO START OF DEST- FIELD" 



DC€j> : 
ELSE RETURNn 
IFENDn 



SCT-C1>V j := j+ln FORENDn 



"IE- TERMINATE EDIT 
INSTRUCTION" 



Function NUMERIC 

This function shall be used by micro-operations D and 7 
to move a source digit into the destination field. 

EacJT^spjjrce_dlgiJb^ shall .be checked-i. invalid decimal 
tBTgil&^shall cause an Invalid BDP Data condition to be 
deT:iet"ted and-i if enabled-i a program interruption shall occur 
upon the completion of the Edit instruction. 
When the source field is packed numericn appropriate ASCII 
zone bits shall be supplied for the destination character. 

A non-zero digit shalj^^a use the Z F_tog gle to be fset ^FALSE) 

Special Casen vMOP = 1 

When SV is not_equal-to zeron and i would jiot 
re f e r e rice 31J) yte b 6 u n'd^y t i t:; s h a 1 1 Jje, J m: re as e d b y 
^ n e^r i o r to b e gin n i n"g~ t he_o p^r a t ion .-, 
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S-3-S Descriptor 

The instructions in this subgroup shall provide the means for 
moving or algebraically modifying Data Descriptors! or Data De- 
scriptor fieldsi to the extent defined in the following sub- 
paragraphs* 

The fields within a m-bit Data Descriptor shall be described 
singly and in limited combinations by means of a 3-bit field 
designator! having values from D through 7 n as follows: 



Field Designator 



bM-bit Data Descriptor fields-CsJ 
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bit 
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For these instructions! the jl and/or the kl fields shall be 
interpreted as field designator with respect to the associa- 
ted Data Descriptor Operations- 

Note: For the instructions in this subgroupn "F-CjlJ" or 
"F-Ckl}" represent the descriptor field specified by the value 
of the field designator in jl or kin and "D-CjOnflDJ" or 
"D-CkDi(21>" represent the descriptor in the DDT specified by 
jD or kD and whose offset within the DDT is given by (2D or (21- 
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2.3. S-1 Move Table Entry 

Descriptor Table Entry Move-i f-Ckl> of D-CkD-,c21} replaced by FCjl} 
of D-CjO-.(2D> 
Q^^ jk(2/5 

I This instruction shall move the Data Descriptor Table Entry 
associated with the source field to the Data Descriptor Table 
entry associated with the destination field according to the 3-bit 
designators jl and kl from the instruction- 

The interpretation of the jl and kl designators shall be per- 
formed in the manner described in paragraph 2.3-5 of this spe- 
cification with respect to designating the source and destin- 
ation fields within the corresponding Data Descriptors. 

These field designator values shall be confined to the follow- 
ing combinations: 

kl -[Destination} 

D 
1 
E 
3 
^ 
5 
b 
7 

Unequal field lengths shall be accommodated by performing 
truncation in the leftmost bit positions-, to the extent re- 
quired. 
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1 -CSourcG 
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or 
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or 
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or 


5 
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or 
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or 


5 
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or 
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or 
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E.3.5.2 Increment Descriptor fields from Table Entry 

Descriptor Table Entry Increment-. F-Ckl> of D-CkDi(31> 
replaced by F-Ckl> of D-CkD-,(31> plus F-Cjl> of D-CjD-.(3D> 

D^S jk(2/E 

This instruction shall add selected fields of the Data_ 
Descriptor associated with the source field to selected 
fields of the Data Descriptor associated with the destin- 
ation field and shall transfer the result to the Data 
Descriptor Table entry associated with the destination 
field. 

The interpretation of the 3-bit designators jl and kl 
from the instruction-, shall be performed in the manner 
described in paragraph E.3.S of this specification-, with 
respect to designating the participating fields within . 
the associated Data Descriptors- 

The field designator values shall be confined to the 
following combinations: 

kl -CDestinationJ 

D 
1 
E 
3 
M 
5 

7 

Unequal field lengths shall be accomodated by performing 
truncation in the leftmost bit positions-! to the extent 
reauired- 
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2.3-5-3 Hove fields between X-Register and Descriptor 

Descriptor Field Insert from X-Registeri F-CklJ of D-CI<Dn(31> re- 
placed by -CXj} 
IMb jk(3/E 

Operation: This instruction shall move the contents of regis- 
ter Xj into the field specified by kin within the Data Descrip- 
tor specified by D-CkDn(31>. 

Source: For the purposes of this instruction! the entire j 
field -Ci-G-n jD concatenated with jl> shall be interpreted as 
the X-Register designator. The source data shall be assumed 
right justified in ,the X-Register- 



Destination: The Data Descriptor normally a 
destination field shall serve as the destina 
I for the instruction. The 3-bit kl designato 
tion shall be interpreted in the manner desc 
E.3.S of this specification with respect to 
field within the destination Data Descriptor 
field data shall be transferred. Unequal fie 
accommodated by performing truncation in the 
tions of the source data field to the extent 



ssociated with the 
tion field itself 
r from this instruc- 
ribed in paragraph 
designating the 

to which the source 
Id lengths shall be 

leftmost bit posi- 

required - 



Descriptor Field Extract to X-Registern Xk replaced by F{jl> of 

D"CjD-,(3D} 

147 jk(2/5 

Operation: This instruction shall move the contents of the 
field specified by F-Cjl> within the Data Descriptor specified 
by D-CjDi(3D> into register Xk- 

Source: The Data Descriptor normally associated with the source 
field shall serve as the source field itself for this instruc- 
tion- The 3-bit jl designator determines which fields are to be , 
extracted from the Data Descriptor -Csee paragraph 2-3-5-}. The 
contents of the specified fields shall be treated as binary data' 
to be moved right justified to the destination X-Register- 



Destination: For the purposes of this instruction! the entire 
k field -Ci-e-n kD concatenated with kl> shall be interpreted as 
the X-Register designator. The X-Registeri XD- XFn so specified 
shall receive the binary data right justified- When extracting 

I individual fields to Xki signed fields -Ci-e-n and B 

fields! shall be sign extended to the left- Uhen extracting un- 

I signed fields or combinations of fields to Xkn the un- 

used portion of the X-Register shall be zero filled to the left- 

E-3-S.M Increment and Decrement Descriptor fields by X-Register 

Descriptor Field Increment by X-Registern F-Ckl> of D-CkDT(31} in- 
cremented by -CXj> Right 
ma jk(2/2 

Descriptor Field Decrement by X-Registern F{kl> of D-CkDnfll} de- 
cremented by -CXj} Right 
IMT jk(3/2 

Operation: According to the Op coden these instructions shall 
add/subtract in signed binary arithmetic! the contents of the 
source register Xj Right to the field specified by F-Ckl> with- 
in the Data Descriptor specified by D-CkDn(21>- 

Source: For the purposes of this instruction! the entire j 
field -Ci.e-! jD concatenated with jl> shall be interpreted as 
the X-Register designator. The source data shall be assumed 
signed binary right justified in Xj Right. 

Destination: The Data Descriptor normally associated with the 
destination field shall serve as the destination field- itself 
for this instruction- The 3-bit kl field shall determine which 
field is to be incremented/decremented -Csee paragraph 2-3.5>. 
The only legal values for kl are 3■^ 4 or 5. Thusn when kl is 
not equal to 3! M or S-% an Instruction Specification error shall 
be detected-, the execution of the instruction sh_all be inhibited 
and a program interruption shall occur- 

The result shall be truncated on the left to match the length 
of the destination field. 



H«PBB1 



IKPIill 



DOCUMENT 


SECTION 



NCR 




CONTROL DATA | 




THIS 


REPLACES 


FILE 




71 


ADVANCED SYSTEMS LABORATORY 


DATE 

Feb. 


Efii 1^75 


Dec T-. n7M 


APPROVED 

ASL 


APPROVED 

NCR 


APPROVED 

CDC 


PAGE 


^1 


11 



B-3-S-5 Calculate Subscript 

Calculate Subscript and Move per I>-CAj> times -CXD> Rightn result 
moved to ])-Ci<0n(31> and to XI Right. 
D=Jb jk(3/E 

This instruction shall obtain a 3E-bitT two's complement binary 
integer from the source field in central memoryT either directly 
for binary source field datan or by converting decimal source 
field data to its binary equivalent- The signedn 32-bit half- 
word thus obtained! shall be multiplied by the positive 3S-bit 
halfword contained in Register XD Right. The algebraically 
signed result shall consist of a 32-bit binary integer which 
shall be transferred to both the Data Descriptor Table entry 
associated with the destination field and Register XI Right. 

Source Field: The Data Descriptor associated with the source field 
shall be confined to Type field values of through b n ID and 11 
Uith the maximum Length field value determined by the Source field 
data Type as defined in subparagraph 2.3-2.3n item Ct of this 
specification. "X-v 

Exceptions: Uhen the 32-bit halfword contained in Register XD 
Right is negative an Instruction Specification error shall be 
detected. Likewise-i when either the conversion or multiplication 
phases of instruction execution result in a signedj 32-bit 
binary integer outside of the range from -2^^ to 2^-''-l an In- 
struction Specification error shall be detected. In this contextn 
the detection of an Instruction Specification error shall result 
in inhibiting the execution of this instruction and the corres- 
ponding program interruption shall occur. 

Destination Field: The Data Descriptor Table entry normally 
associated with the destination field shall serve as the des- 
tination field itself for this instruction. The positive 32- 
bit binary integer resulting from the multiplication phase of 
instruction executionn shall be transferred to central memory at 

F-Cb> of D-CkDn(21> and[ Register XI Right- 

The 3-bit kl designator from this instruction and the 
initial value of the Data Descriptor Table entry associated with 

the destination field shall not be translated by this instruction. 

Unless the PVA of the Data Descriptor associated with the destin- 
ation field is equal to D-. modulo M-. an Address Specification 
Error shall be detected-, the execution of this instruction shall 
be inhibited-, and a program interruption shall occur. 
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Logical: Hemory to Memory 

See paragraph 2. 2. ID of this specification. 
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B.3.7 



s.3.7.1 



Immediate Data 

Hove Immediate Data to D-CAkJ. 
ISM jk(2/E 

Operation: This command shall move the explicit value con- 
tained in the (2D field to the destination field after an even- 
tual format conversion to match the destination type- 

Source: The (2D field shall contain the literal to be moved. 
The least significant 2 bits of the 3 field shall be used as 
an encoding of the operation to be performed: 

a. if = DD-. the unsigned {considered positive!- numeric value -CTypelD> 
contained in (2D shall be moved right justified to the re- 
ceiving field which must be of type ID or 11. If necessary-, 
the destination field is filled with zeros on the left- 

b- if = D1-. the decimal numeric -CType M> contained in (2D shall be 
moved right justified! to the receiving field after possible 
reformatting to match the data type of the destination. If 
the format requires a signn a positive sign shall be supplied. 
The destination shall be restricted to one of the decimal data 
types Qn 111 E-. 3i ^■^ S-. or t - This move shall be executed 
according to the rules of the numeric move for truncation t 
padding and validation. 



if = ID-, the ASCII character contained in CO is repeated 
left to right in the receiving field./ The destination data 
type shall be ignored- 

if = 11-. the ASCII character contained in (2D is moved left 

justified into the receiving field-, and the rest of that 

field is space filled- The destination data type shall be ignored. 



W(5\J^. 
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2.3.7.E Compare Immediate Data to D-CAk} 
ISS jk(2/2 

This command shall-, depending on the value of the j field-, com- 
pare the explicit value contained in the (2D field to D-CAk> after 
a possible reformatting to match the data type and shall transfer 
a 3E-bit halfword to Register XI right according to the result 
of the comparison. 

Uhen the contents of the source and destination fields are equal-, 
the entire 3E-bit positions of Register XI Right shall be cleared- 



Uhen the contents of the source field are greater than the con- 
tents of the destination field-. Register XI Right shall be clear- 
ed in the leftmost 31-bit positions-. 32 through bEn and shall be 
set in the rightmost bit position-. ti3. 

Uhen the contents of the source field are less than the contents 
of the destination fieldi Register XI Right shall be set in all 
32-bit positions-. 32 through fc3. 

The interpretations of the source and destina.tion fields are anal- 
ogous to those described under the Hove Immediate Data instruction. 

2.3.7.3 Add Immediate Data to D-CAk> 
ISL jk(2/2 

Operation: This command shall add the explicit integer value 
contained in the (2D field to D-CAk> after a possible conversion 
to match the destination data type. 



The (2D field is used to store the integer value of the 



Source: 

addend. 

The j field is used as an encoding of the type of the data 

contained in (2D. The least significant bit of the j field is 

decoded as follows: 

a. if = D-. {2D contains an unsigned -Cconsidered positive} binary 
integer valued (2D = Data Type ID 

b. if = 1-. (2D contains one ASCII character representing a decimal 
digiti if invalid decimal data is encountered in (2D-. an Invalid 
BDP Data condition shall be detected and upon comple- 
tion of the instruction's execution-, the corresponding pro- 
gram interruption shall occur-, if enabled^ (2D = Data Type H- 



If the source corresponds to case a- 
be confined to types ID and 11 - 



above-, the destination shall 



above-, the destination shall 
S-. or t.. 



If the source corresponds to case b- 
be confined to types D-. 1-. 2n 3-. Mt 

If unauthorized data types are specified-, an Instruction Specification 
error shall be detected-, the instruction's execution shall be 
inhibited-, and the corresponding program interruption shall 
occur. See 2.fl.l-H. 
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a-3-fi Register Loads 

5>3.A.l Load A Register 

Load Ak with computed address per descriptor ])-CAj> 
lS7 3k(2/2 

Operation: This instruction shall compute the PVA correspon- 
ding to l>"CAj> and place it into Ak- For the purposes of this 
instruction-i the entire k field -Ci-e-n kQ concatenated with 
kl> is interpreted as the A Register designator- 

2-3.fi-2 Loadn Store X Register 

a. Load Xk from -CD-CAj}} 
.lSajk(2/2 

Operation: This instruction shall load Register Xk right- / 

justified uith the value of the data item addressed by ])-CAj>- j 

If the data item is shorter than fl bytesn Register Xk is zero | 

filled according to the data type of D-CAj> or filled with sign j 
I bit extension if the data type of D-CAj} is II. 

Destination: For'the purposes of this instruction! the entire / 
k field -Ci-G-n kO concatenated with kl> shall be interpreted as 
the X Register designator - 



Source: ]>-CAj> is the source field descriptor. Its length 
•field is limited to a maximum value of fl bytes- 

b- Store -CXjl into MAk> (/v 

1ST jk(2/2 
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2.M Floating Point Instructions 

2.M.1 Generasl Description 

A floatihfl point number shall consist of a signed exponent and 
a signed traction- The signed exponent shall also be referred 
to as the characteristic and the signed fraction shall also be 
referred to^s the coefficient- 

The quantity e)fc^ressed by a floating point number shall be of the 
form ■Cf>2^ whereof represents the signed fraction and x represents 
the signed exponent of the base 2- 

The exponent base oK 2 shall be an implied constant for all floating 
point numbers and thU^ shall not explicitly appear in any floating 
point format. 

2.M.1.1 Formats 

Floating point data shall occupy one of two fixed length formats^ 
m-bit word {Single Precision} or 12fl-bit doubleword {Double 
Precision}- \ 

In both the single and double precision formats-i the leftmost bit 
position-, DD-. shall be occupied b^ the sign of the fraction. The 
fifteen bit positions immediately\to the right of bit DO-. Dl 
through IS-, shall be occupied by the signed exponent. 

The field immediately to the right of\the signed exponent shall be 
occupied by the fraction which in singly precision format shall 
consist of Mfl bits and in double precision format shall consist 
I of Tt bits-, according to the following frgures. 




Operation: This instruction shall store the contents of Reg- 
ister Xj into the data item addressed by D-CAk>- If the destin- 
ation field is shorter than fi bytesi the most significant bytes 
or digits shall be truncated. If the destination field is longer 
than fi bytesi it shall be zero filled on the left according to 
the data type-i except if the type is 11 in which case the sign 
bit is extended. 

Destination: D-CAk> is the destination field descriptor. Its 
length shall be limited to a maximum value of fi bytes- 

Source: For the purposes of this instruction-, the entire j 
f^eld -Ci-e--! jO concatenated with jl> shall be interpreted as 
the X-Register designator- 
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Floating Point Instructions 



S-M.l General Description 

A floating point number shall consist of a signed exponent and 
a signed fraction. The signed exponent shall also be referred 
to as the characteristic and the signed fraction shall also be 
referred to as the coefficient. 

The quantity expressed by a floating point number shall be of the 
form -Cf>S^ where f represents the signed fraction and x represents 
the signed exponent of the base 2. 

The exponent base of E shall be an implied constant for all floating 
point numbers and thus shall not explicitly appear in any floating 
point format. 

S.M.1-1 Formats 

Floating point data shall occupy one of two fixed length formatsi 
bM-bit word -[Single Precision} or ISfl-bit doubleword -CBouble 
Precision}. 

In both the single and double precision formats-, the leftmost bit 
position-, DD-i shall be occupied by the sign of the fraction. The 
fifteen bit positions immediately to the right of bit DD-, Dl 
through 15-, shall be occupied by the signed exponent. 

The field immediately to the right of the signed exponent shall be 
occupied by the fraction which in single precision format shall 
consist of Mfl bits and in double precision format shall consist 
I of Tb bits-, according to the following figures- 
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S Signed Exponent 



t3 



^fl-bit fraction 



Single Precision Floating Point Number 



00 


31 


15 


lb h3 
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Signed Exponent 




Leftmost Mfi bits of the lb-bit fraction 


bM 


7l| 
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Rightmost Mfl bits of the lb-bit fraction | 



Double Precision Floating Point Number 



A double precision 
single precision f 
numbered X Registe 
numbers comprising 
be referred to as 
in the Xn and Xn+1 
may be any single 
normalized"! -Cthe 1 
Ibi is equal to a 
shall be considere 
and the characteri 
sign of the fracti 
number. 



floating point number sh 
loating point numbers loc 
rs- The two single preci 

a double precision float 
the leftmost and rightmos 

Registersn respectively- 
precision floating point 
eftmost bit of the fracti 
one> the double precision 
d to be normalized- The 
Stic of the leftmost part 
on and the characteristic 



all consist of tuo 
ated in consecutively 
sion floating point 
ing point number shall 
t parts as contained 

The leftmost part 
number and when it is 
onn in bit position 

floating point number 
sign of the fraction 
shall constitute the 
of the double precision 



The fraction field of the leftmost part shall constitute the 
leftmost ^a bits of the Tb-bit double precision fraction. The 
fraction field of the rightmost part shall constitute the right- 
most Mfi bits of the Tb-bit double precision fraction. The 
sign of the fraction and the characteristic of the rightmost 
part shall not be utilized from any number constituting an input 
operand -[argument} to a double precision floating point operation. 
Such operations shall assume that the sign of the fraction of the 
rightmost part is the same as the sign of the fraction of the left- 
most part and that the characteristic of the rightmost part is 



Mfi less than the characteristic of the leftmost part. Howevern 
the formation of a double precision floating point result shall 
include making the sign of the fraction of the rightmost part 
the same as that of the leftmost part andn except for certain 
cases involving non-standard forms of floating point results-i 
shall also include making the characteristic of the rightmost 

I part Mfl less than the characteristic of the leftmost part. See 

I 2.M.3.3. 
E.M.l.S Standard Numbers 

The fraction field of a floating point number shall have its 
binary point immediately to the left of its leftmost bit position! 
lb. Both positive and negative quantities shall have a true 
fraction with the sign indicated solely by means of the sign bit. 
A number shall be positive or negative depending on whether the 
sign is a zero or a onei respectively. 



Sign of the fraction 
^ . True fraction 



. Exponent - 



00 ]1 



OE 03 



OM 



15 



lb 



b3 



Binary Point 

Exponent Out of Range -C0S?«03> 

Exponent Bias 



The fraction shall be considered to be multiplied by the power 
of S expressed by the exponent whichn in encoded form-i occupies 
bit positions 01 through 15. The exponent field shall be used 
to represent both standard and non-standard floating point 
numbers. Standard floating point numbers shall have an actual 
exponent range from -MOTb to M0T5 inclusive! and shall be encoded 
into the exponent field by adding a bias equal to e14. jhe 
effect of biasing the exponent is demonstrated in Table E.M-1 
for standard floating point numbers in which the ascending order 
from smallest to largest encoded representations corresponds to 
the smallest to largest progression of multiplier values re- 
presented by the actual exponents in the range of -MOTb to MOTS 
inclusive. 
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The ranges in magnitude! M, covered by standard, normalized 
floating point numbers in each of the two formats is as follows: 

, Single precision, e'^^"^"^ ^ n< 0-E"^Ss ^^'^^ 

I -CApproximately 14.4 decimal digits of precision! 

Double precisions ^'^^"^^^ I1^-C1-S''^Se^°'^^ 
I {Approximately Sfi.T decimal digits of precision? 

For both formats these ranges approximate to: 

{4.fi> IQ-^^^'^^n^-CS.S} 1D^^^2 

^-^.l-3 Non-standard Numbers 

The exponent field shall also be used to represent non-standard 
floating point numbers referred to as Zero, Infinity and In- 
definite. Further, the exponent field shall be used to represent 
Out of Range values resulting from Exponent Overflow for actual 
exponents of 4mt to lE,Sfi7 inclusive, and Exponent Underflow 
for actual exponents of -4m7 to -lE,Efifi inclusive, provided 
such overflow or underflow conditions are enabled for a corres- 
ponding program interruption at the time such exceptions occur- 

Table B.4-1 illustrates hexadecimal exponent codes for corres- 
ponding non-standard as well as standard floating point numbers- 

a.> Zero . Non-standard floating point numbers constituting 
input arguments to floating point operations shall be 
treated as if they consisted entirely of zeroes when 
Cbit D13 and Cbit DE and/or D31 are equal to zeroes. 



Uhen non-standard floating point input arguments generate 

a zero result by definition and when the occurrence of exponent 

underflow in a floating point result is detected but not 

enabled with respect to the generation of the corresponding 

program interruption, such results shall consist "entirely of 

zeroes. -CAlso, see E.4.1.ti, item c for add/subtract, special 

case}. 

b.> Infinity . Non-standard floating point numbers constituting 
input arguments to floating point operations shall be treated 
as infinite values when bit Dl is equal to one and bits DE 
and 03 are not equal to each other. 
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— Hexadecimal Exponent Representation including co- 
efficient sign 




1 


1 , AcLudl exponent to the base E 


J 


i 


7XXX 




Indefinite Input Arguments",Results=7DDD.D-*- D 






bfFF 
tDDD 
5|FF 
SDDD • 


paiEEfl7 
^finE 
^fini 
24mb 


Infinite Input Arguments 

Exponent Overflow Results, 

Overflow nask=D, Infinite Results=SDDD.D^^D ' 

Overflow Mask=l, Out of Range Results as shown 


Coefficient 
sign 
equal to 

D 
{positive 
numbers} 


4FFF 

t 
4DDD 
3FFF 

3DDD 


24D1S 

2-1 
?-4D^b 


Standard Floating Point Arguments and Results 




f 


EFFF 

EDDD 
IFFF 

i 

IDDD 


2-4D^7 

2-finE 
2-fin3 

i 

2-lE,Eflfi 


Zero Input Arguments 

Exponent Underflow Results^ 

Underflow nask=D, Zero Results=DDDD.D— t^D 

Underflow nask=l. Out of Range Results as 

shown 


> 


DXXX 


D 




J 


i 


flXXX 


Zero Input Arguments, Results=DDDD.D— ^-D 




^DDD 

t 
^FFF 
ADDD 

t 
AFFF 


2-lE,Eafi 

2-fin3 
2-finE 

t 

2-4D^7 


Zero Input Arguments 

Exponent Underflow Results, 

Underflow nask=D, Zero Results=DDDD.D— ^D 

Underflow I1ask=l, Out of Range Results as 

shown 


Coefficient 
sign 
equal to 

1 
{negative 
numbers} 


BDDD 

t 
BFFF 

CDDD 


2-4UTb 

h 

E° 
^4D^S 


Standard Floating Point Arguments and Results 




f 


DDDD 

DFFF 
EDDD 
EFFF 


■ ^ani 

^lE,Efi7 


Infinite Input Arguments 

Exponent Overflow Results, 

Overflow nask=D, Infinite Results=DDDD.D-> D 

Overflow nask=l. Out of Ranqe Results as shown 




FXXX 


— • 


Indefinite Input Arguments',Results=7DDD.D •» D 
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Table E- 4-1: Floating Point Representation 
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Uhen non-standard floating point input arguments generate 
an infinite result by definition and when the occurrence of 
exponent overflow in a floating point result is detected but 
not enabled with respect to the generation of the corresponding 
program interruption! such results shall consist entirely of 
zeroes except in bit positions Dl and D3 which shall be ones 
and bit position DO which shall be a one or a zero as deter- 
mined by the rules of algebra- 
c.> Indefinite. Non-standard floating point numbers constituting 
input arguments to floating point operations shall be treated 
as indefinite values when bits Dl through D3 are all equal 
to ones- 

Uhen non-standard floating point input arguments generate 
an indefinite result by definitionn such a result shall 
consist entirely of zeroes except for bits Dl through D3 
which shall consist of all ones- 

d.> Notes. Uhen non-standard results are generatedn as previously 
described by items a through Cn the rightmost part shall be 
made identical to the leftmost part for all cases of double 
precision floating point results. 

E.M.m Exponent Arithmetic 

Uhen the exponent fields from input arguments are addedn as for 
floating point multiplication! or subtracted! as for floating 
point division! the exponent arithmetic shall be performed 
algebraically in S's complement mode- Moreover! such operations 
shall take placenconceptuallyi as if the bias were removed from 
each exponent field prior to performing the addition or sub- 
traction and then restored following exponent arithmetic so as 
to correctly bias the exponent result. 



Exponent Underflow and Overflo 
all single precision! but only 
precision floating point resul 
exponent of the rightmost part 
leftmost part by Mfi! results i 
part! this underflow shall not 
an Out of Range exponent shall 
double precision floating poin 
value. 



w conditions shall be detected for 

for the leftmost part of double 
ts. Uhen the generation of the 
! by reducing the exponent of the 
n underflow for the rightmost 
be detected and utilization of 
permit the rightmost part of the 
t number to correctly express its 



dlKf 



S-^-l-S Normalization 

A normalized floati 
most bit position! 
bit of the fraction 
unnormalized. The 
shifting the fracti 
a one and correspon 
number of bit posit 
point numbers! the 
normalization such 
as a normalized sin 
value of the fracti 



ng point number shall have a one in the left- 
It,! of the fraction field. If the leftmost 

is a zero the number shall be considered 
normalization process shall consist of left 
on until the leftmost bit position contains 
idingly reducing the characteristic by the 
ions shifted. For double precision floating 
entire fraction shall participate in the 
that the rightmost part may or may not appear 
gle precision number as determined by the 
on. 



Normalization shall usually take place when intermediate results 
are changed to final results and shall be referred to as post- 
normalization- Normalization shall also take place prior to 
multiplication and division operations! if required! and shall be 
referred to as prenormalization- 

For normalized operations! the input arguments shall not be re- 
quired to be in normalized form. For both normalized and un- 
normalized operations! intermediate results in which overflow 
has occurred with respect to the fraction! shall be shifted 
right one bit position with the characteristic correspondingly 
increased by one! -Cto account for the right shift of the fraction}. 

Numbers with zero fractions cannot be normalized and such fractions 
shall remain equal to zero irrespective of normalization operations. 
Moreover! prenormalization of such fractions shall also leave 
their corresponding exponents unchanged. 

Uhen exponent arithmetic and/or prenormalization operations on 
standard floating numbers generate an intermediate exponent 
which is Out of Range! but postnormalization requirements 
generate an adjusted exponent which is no longer Out of Range! 
then neither Exponent Overflow nor Exponent Underflow shall be 
detected for the final results. 



2.M.l.tj Exceptions 



Uith respect to floating point exceptions! {specifically Ex- 
ponent Overflow! Exponent Underflow! Indefinite! and Loss of 
Signif icance>! Register assignments and bit position assign- 
ments within those Registers shall be in accordance with 
Section E.fi of this specification. 
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When the use of standard floating point numbers generates 
an Out of Range result-, the Exponent Overflow or Exponent 
Underflow exception shall correspondingly be indicated in 
the Condition Register 

Uhenever an Indefinite result is generated by a floating 
point operation! the corresponding Indefinite exception 
shall be indicated in the Condition Register- 



Uhen the use of standard 
any floating point additi 
generate a final fraction 
of zeroes at the time the 
is enabled-! the intermedi 
shall be used-i unchanged-i 
of Significance exception 
Register- For this set o 
time the appropriate prog 
the final result shall co 



floating point input arguments-i by 
on or subtraction instruction! would 
result which would consist entirely 
appropriate program interruption 
ate exponent and fraction results 
as the final results and the Loss 
shall be indicated in the Condition 
f circumstances-i occurring at the 
ram interruption is not enabled-i 
nsist entirely of zeroes 



B-M-1-7 Double Precision Register Designators 

The terms "Xk-«-l" and "Xj+1" shall be used to designate an X 
Register associated with the rightmost part of a double precision 
floating point number- lilhen the leftmost part of a double pre- 
cision floating point number-i as designated by the terms "Xk" 
and "Xj" is associated with Register XF -Cin hexadecimal notation! 
the terms "Xk-»-l" and "Xj+1" shall be interpreted as designating 
Register XD- 

S-H-E Conversion 

The instructions within this subgroup shall provide the means for 
converting tM-bit words-, contained in the X Registers-, between 
floating point and integer formats- 

E-M-B-1 Convert from Integer 

Floating Point Convert from Integeri Floating Point -CXkJ formed 
from Integer -CXjl 
m? jk 
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This instruction shall convert the signed-, two's complement! 
binary integer initially contained in.the m-bit positions of 
Register Xj to its equivalent-, normalized floating point re- 
presentation and shall transfer this taM-bit result to Register 
Xk- Integers outside of the range of -E^fl through S^°-l shall 
be truncated in the rightmost bit positions during conversion- 

The integer initially contained in Register Xj shall be interpreted 
as having a magnitude -cn> within the following range: 

Uhen the integer initially contained in Register Xj consists 
entirely of zerosn it shall be transferred without change to 
Register Xk- 



S-M-E-2 Convert to Integer 



@ 



IE 
i 



Floating Point Convert to Integer-. Integer -CXk} formed from 
Floating Point -CXjl 

ma jk 
This instruction shall convert the b^l-bit floating point number 
initially contained in the Xj Register to a signed-, two's com- 
plement-, binary integer and shall transfer this tl^-bit result to 
Register Xk- -CThe fractional part of the binary equivalent shall 
be lost as a result of truncation>- 

bM-bit floating point numbers-, initially contained in the Xj Register-i 
shall be converted to t.^-bit words consisting entirely of zeros 
whenever: 

a- such numbers are Indefinite 

b- such numbers have actual -CunbiasedJ exponents which are less 
than or equal to zero 

c- such numbers have co-efficients which consist entirely of zeros 

Floating point numbers with magnitude -CMJ shall be correctly 
converted provided such numbers are within the following range: 

For numbers outside of this range-, the integer transferred to 
Register Xk shall represent only the least significant -. -Cright-mostJ 
bM-bits of the actual result-, an Overflow condition shall be 
detected! and if enabled the corresponding program interruption 
"Shall occur- -CThus-. such numbers shall be truncated in their left- 
most. bit D.ps.i.tions>- 
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2-M-3 Arithmetic 

The instructions within this subgroup shall provide the means for 
performing arithmetic operations on floating point numbers to the 
extent described in the following subparagraphs. 

E-M.3.1 Add/Subtract-. Normalized/Unnormalizedi Xk 

a. Floating Point Sumn -CXk} replaced by -CXkJ plus -CXj> 
D^^jk 



b. 



Floating Point Difference-. -CXk} replaced by -CXk} minus -CXj} 
IDD jk 



I c. Floating Point Sum Unnormalized-. -CXkl replaced by -CXkl plus -CXjl 
IDl jk 

I d. Floating Point Difference Unnormalizedn -CXkJ replaced by -CXk} 
minus -CXj> 
IDE jk 

Operation: The subtract instructions in this subgroup shall 
differ from the add instructions in this subgroup only to the 
extent that they shall interpret the co-efficient sign initially 
contained in the Xj Register in its opposite state. Thus-, con- 
ceptually-. subtraction shall be accomplished by changing the sign 
of the subtrahend obtained from Register Xj and performing floating 
point addition. 

These instructions shall add the bM-bit floating point number 
initially contained in the Xj Register -Cwith the sign of the 
coefficient interpreted according to the operation code> to 
the bM-bit floating point number initially contained in the Xk 
Register-, and shall transfer the bM-bit floating point result 
to the Xk Register as follows: 



Exponent Equalizati 
performing exponent 
the floating point 
Registers shall be 
to their rightmost 
floating point numb 
Registers-, shall be 
that common exponen 
result^with instruc 
coefficient arithme 
not equal-, the Tb-b 



MffBlHll 



on: Prior to aligning the coefficient by 
; equalization! the Mfi-bit coefficients from 
numbers initially contained in the Xk and Xj 
expanded to 'lb-bits each by appending M6 zeros 
bit positions. The exponents of the two 
lersn initially contained in the Xk and Xj 

algebraically compared and when they are equal-, 
t shall serve as the intermediate exponent 
tion execution proceeding directly to the 
tic phase. Howevern when their exponents are 
it expanded coefficient of the number associated 



B3 



with the smaller exponent shall be shifted right-, end-off-i the 

number of bit positions designated by the difference between the 

exponents-, up to a maximum of Tb- Thusi the coefficients shall 

be aligned and the larger exponent shall be used as the inter- 
mediate exponent result. 

Coefficient Arithmetic: The two aligned coefficients-, each con- 
sisting of a signed fraction having Tb-bits of precision-, shall 
be algebraically added with the signed result consisting of an 
intermediate coefficient having Tb-bits of precision and an 

I overflow bito -CThe overflow bit can be a one only when the 

I coefficients have like signs} 

Normalization: Uhen the overflow bit resulting from the addition 
of the expanded and aligned coefficients is a one-, the intermediate 
coefficient result shall be right shifted one bit position-, end-off-, 
with a one inserted on the left. This signed coefficient result-, 
consisting of a normalized fraction having Tb-bits of precision-, 
shall be used in its leftmost Ma-bit positions as the final 
coefficient. The intermediate exponent result shall increased by 
one-. -Cto account for the right shift performed on the intermediate 
coefficient}-, and the sum shall be used as the final exponent- The 
final signed coefficient result and the final biased exponent result 
shall be transferred to the bM-bit positions of the Xk Register-, 
subject to the conditional treatment of exceptional results involving 
non-standard floating point numbers- 

Uhen the overflow bit resulting from the addition of the expanded 
and aligned coefficients is a zero-, it shall be dropped from further 
consideration in accomplishing the floating point addition. The 

I leftmost Mfl-bits of the intermediate coefficient result shall be 
used as the final result irrespective of the state of its left- 

I most bit or-, shall be shifted left -Cup to a maximum of M7 bit:- 
positions with zeros inserted on the right} until its leftmost 
bit position is a one-, as determined by the operation code. Thus-, 
unnormalized arithmetic operations shall not involve any left 
shifts whatsoever and normalized arithmetic operations shall involve 
left shifts to the extent required to achieve normalization-, with 
respect to the formation of the final coefficient result- For each 
bit position that the intermediate coefficient shall be shifted left-. 

I the intermediate exponent shall be decreased by one-, unless the 
intermediate coefficient consists of i4fi leading zeros-, in which case~ 
both the intermediate exponent and intermediate coefficient shall be 
left unchanged. After left shifts to achieve normalizationialong 
with the corresponding exponent adjustments-n have been accomplished 
to the extent required and allowed-, the coefficieat sign-, the 
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^fi bits of the coefficient and the biased exponent shall be 
used as the final results and shall be transferred to the bM-bit 
positions of the Xk Registern subject to the conditional treatment 
of exceptional results involving non-standard floating point 
numbers- 
Exceptions: These operations may result in Exponent Overfloun 
Exponent Underflowi Indefiniten or Significance Losst conditions 
which shall be treated in the manner described in subparagraphs 
S-M-1.3 and S.M.l.b with respect to the effects of these con- 
ditions on the floating point result and the generation of pro- 
gram interruptionsn respectively! {Exponent Underflow conditions 
cannot occur for operation codes designating unnormalized addition 
or subtraction>- 

I Tables E.M-2 and S.M-3 indicate the generation of non-standard 
floating point results for combinations of both standard and 
non-standard floating point input arguments- 

B.^•3-2 Product/fluotient-i Xk 

The following floating point multiply and divide instructions 
shall involve the prenormalization of the multiplier and multi- 
plicand and the divisor and dividend-i respectively. For each 
bit position that an input argument is shifted left-i end off with 
a zero inserted on the right-i the associated exponent shall be 
reduced by one-i except when the coefficient consists entirely of 
zeroes in which case both the exponent and coefficient fields 
shall be left unchanged- 

With respect to floating point exceptions! these operations may 
result in Exponent Overflow-i Exponent Underflow or Indefinite 
conditions which shall be treated in the manner described in 
subparagraphs ^-^-l-3 and E-M-l-t with respect to the effects of 
these conditions on the floating point result and the generation 
of program interruptions- respectively- 

Uhen one or both input arguments for these instructions consist 
of non-standard floating point numbers-i the non-standard floating 
point results shall be generated according to Tables E-M-M and 
E-M-'S irrespective of prenormalizationi exponent arithmetic! 
coefficient arithmetic or postnormalization operations- 

a- Fit- Pt- Product-i -CXk} replaced by -CXk} times -CXj} 
103 jk 



This instruction shall multiply the tl^-bit floating point number 
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initially contained in Register Xj by the bM-bit floating point 
number initially contained in Register Xk and shall transfer the 
bM-bit floating point product to Register Xk- 

Exponent Arithmetic: Following prenormalization-i if required-i 
the signed exponents of the multiplier and multiplicand shall be 
algebraically added and the sum shall be used as the intermediate 
exponent result. 

Coefficient Arithmetic: The Mfi-bit normalized coefficient of the 
multiplicand shall be multipled by the ^fi-bit normalized coefficient 
of the multiplier and the result shall consist of an algebraically 
signed product having Tt-bits of precision. 

Postnormalization: Uhen the leftmost^bit of the ^b-bi± .intermed- 
iate product is equal to a one-i it shall be used in the leftmost 
^fi-bit positions as the final coefficient result and the inter- 
mediate exponent! including bias! shall be used as the final ex- 
ponent result. 

Uhen the leftmost bit of the Tt-bit intermediate product is equal 
to a zero! the ejit^re intermediate product shall be shifted left 
one bit position^ end^off with a zero inserted on the right! and the 
intermediate exponent shall be reduced by one- The leftmost 
^a-bit positions of the shifted intermediate product shall be 
used as the final coefficient result and the reduced intermediate 
exponent! including bias! shall be used as the final exponent ^ 
result. 

The final b^-bit floating point result! consisting of the coe- 
fficient sign! the biased exponent! and the ^fl-bit fraction! shall 
be transferred to the Xk Register- 
fa. Fit. Pt. Quotient! -CXkJ replaced by -CXkJ divided by -CXj} 
13^ jk 

This instruction shall divide the bM-bit floating point number 
initially contained in Register Xk by the bM-bit floating point 
number initially contained in Register Xj and shall transfer the 
bM-bit floating point quotient to Register Xk. 

Exponent Arithmetic: Following prenormalization! if required! 
the signed exponent associated with the divisor shall be subtract- 
ed from the signed exponent associated with the dividend and the 
difference shall be used as the intermediate exponent result- 
Coefficient Arithmetic: The Mfi-bit normalized coefficient of the 
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dividend shall be expanded to Tt-bits by appending ^fl zeroes to 
its rightmost bit position and these Tt-bits shall be divided by 
the ^fi-bit normalized coefficient of the divisor- The quotient 
shall consist of an algebraically signed result having ^fl bits of 
precision plus an overflow bit- 

Postnormalization: Itlhen the overflow bit is a one the ^fl-bit 
quotient shall be shifted right one bit position, end-off with a 
one inserted on the left, and the intermediate exponent shall be 
increased by one. The shifted ^fl-bit quotient shall be used as 
the final coefficient result and the increased intermediate expon- 
ent, including bias, shall be used as the final exoonent result. 

Uhen the overflow bit is equal to a zero, the ^fi-bit quotient shall 
be used as the final coefficient result and the intermediate expon- 
ent including bias, shall be used as the final exponent result. 

Note: Uith respect to the formation of the quotient, the division 
of the coefficients shall generate an unrounded result according 
to the algorithm constraint as previously defined for integer divide 
in subparagraph 2'2'E'^ of this specification. 

S.M.3.3 Add/Subtract. Xk and Xk+1 

a. Fit. Pt. DP Sum. -CXk. Xk+lJ replaced by -CXk. Xk+1> plus -CXj. 
Xj+1> 

IDS jk 

b. Fit. Pt. DP Difference. -CXk. Xk+1> replaced by -CXk. Xk+1> minus 
- -CXj. Xj+1> 

10b jk 

Operation: These instructions shall add the double precision 
floating point number contained in Registers Xj and Xj+1 -C'with 
the sign of this coefficient interpreted according to the operation 
code, in its true state for Sum and in its inverted, state for 
Difference} to the double precision floating point number initially 
contained in Registers Xk and Xk+1 and shall transfer the double 
precision floating point result to Registers Xk and Xk+1. 

These instructions shall operate identically to the Normalized Sum 
and Normalized Difference instructions described in subparagraph 
2.^.3.1 of this specification with the obvious exception that 
double precision rather than single precision floating point numbers 
shall be accomodated according to the format described in sub- 
paragrph E.^.l.l of this specification. 
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Only those phases of instruction execution differing from single 
precision operations shall be described and then, only to the 
extent of defining those differences. 

Exponent Equalization: The Tb-bit coefficients which shall be 
aligned during this phase of instruction execution shall be com- 
prised in the rightmost ^6-bit positions of the coefficient field 

I from Register Xk+1 and Register Xj+1 with respect to the augend 

I and addend, respectively. 

Normalization: The Tt-bit normalized coefficient, resulting from 
this phase of instruction execution, shall be used in its right- 
most Ma-bit positions as the fraction to be transferred to Register 
Xk+1. The coefficient sign transferred to Register Xk+1 shall be 
equal to the coefficient sign transferred to Register Xk. 

When the execution of these instructions results in the generation 
of a standard floating point number, the biased exponent trans- 
ferred to Register Xk+1 shall be Mfl less than the biased exponent 
transferred to Register Xk. 

I Uhen the execution of these instructions results in the generation 
of a non-standard floating point number, the tM-bit word transferred 
to Register Xk+1 shall be identical to the tH-bit word transferred 
to Register Xk. 

2.M.3.M Product/(3uotient. Xk and Xk+1 

Each of these double precision floating point instructions shall 
operate identically to the corresponding single precision floating 
point instruction described in subparagraph 2-M. 3.2 with the 
obvious exception that double precision floating point numbers 
shall be accomodated according to the format described in sub- 
paragraph 2.M-1-1 of this specification. 

I Only those phases of instruction execution differing from single 
precision operations shall be described and then, only to the 
extent of defining those differences- 

a. Fit. Pt. DP Product. -CXk. Xk+13- replaced by -CXk. Xk+1> times 
•CXj. Xj+13- 
ID? jk 

This instruction shall multiply the double precision floating 
point number initially contained in Registers Xj and Xj+1 by the 
double precision floating point number initially contained in 
Registers Xk and Xk+1 and shall transfer the double precision 
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floating point product to Registers Xk and Xk+1- 

Coefficient Arithmetic: The multiplier and multiplicand shall each 
consist of a signed coefficient having Tb bits of precision- The 
result of the multiplication shall consist of an algebraically 
signed product having nE bits of precision- The rightmost 15 bits 
of this product shall be truncated {discarded} and the leftmost 17- 
bits shall serve as the intermediate coefficient result to be 
normalized- 

Postnormalization: The Tb-bit normalized coefficient! resulting 
from this phase of instruction executionn shall be used in its 
rightmost ^fi-bit positions as the fraction to be transferred to 
Register Xk+1- The coefficient sign transferred to Register Xk+1 
shall be equal to the coefficient sign transferred to Register Xk. 

Uhen the execution of this instruction results in the generation 
of a standard floating point numberi the biased exponent tranferred 
to Register Xk+1 shall be ^& less than the biased exponent trans- 
ferred to Register Xk. For non-standard resultsn see E.M.1.3i item d. 

b- Fit- Pt. DP Quotient-, -CXk-. Xk+1> replaced by -CXk-, Xk+1} divided 
by -CXj-. Xj+1} 
loa jk 

This instruction shall divide the double precision floating point 
number initially contained in Registers Xk and Xk+1 by the double 
precision floating point number initially contained in Registers 
Xj and Xj+1 and shall transfer the double precision floating point 
result to Register Xk and Xk+1- 

Coefficient Arithmetic: The Tb-bit normalized coefficient of the 
dividend shall be expanded to ITS bits by appending Tfc zeroes to 
I its rightmost bit position and thesen2-bits shall be divided by 
the Tb-bit normalized coefficient of the divisor- The quotient 
shall consist of an algebraically signed result having Tb bits 
of precision plus an overflow bit- 

Postnormalization: The Tb-bit normalized coefficient! resulting 
from this phase of instruction execution! shall be used in its 
rightmost Mfi-bit positions as the fraction to be transferred to 
Register Xk+1- The coefficient sign transferred to Register Xk+1 
shall be equal to the coefficient sign tranferred to Register Xk. 

Uhen the execution of this instruction results in the generation of 
a standard floating point numbern the biased exponent transferred 
to Register Xk+1 shall be ^fi less than the biased exponent trans- 
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ferred to Register Xk. For non-standard results! see E-M-1-3! 
item d- 
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Table 2.^-E: -CXk} + -CXj} 
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Table E-^-3: -CXk} - -CXj} 
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Note: 
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Table E-M-q: -CXk} * tXj} 
For the Key to symbols! see the following page. 
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Table 2.M-5: -CXkl / -CXj> 
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E.M.M Branch 

The instructions in this subgroup shall consist of conditional 
branch instructions- 

I Each ^of these conditional branch instructions shall perform a 
comparison between two floating point numbers- Then-i based on the 
relationship between the results of that comparison and the branch 
condition as specified by means of the instruction's operation 
codei each conditional branch instruction shall perform either a 
normal exit or a branch exit- 
Normal Exit: Uhen the results of a comparison do not satisfy the 
branch condition as specified by the operation code-i a normal exit 
shall be performed- A normal exit for all conditional branch 
instructions shall consist of adding four to the rightmost 32 bits 
of the PVA obtained from the P Register with that 32-bit sum 
returned to the P Register in its rightmost 32-bit positions. 

Branch Exit: Uhen the results of a comparison satisfy the branch 
condition as specified by the operation code-i a branch exit shall 
be performed. A branch exit shall consist of expanding the la- 
bit (3 field from the instruction to 31 bits by means of sign ex- 
tension-i shifting these 31 bits left one bit position with a zero 
inserted on the right-i and adding this 32-bit shifted result to 
the rightmost 32-bits of the PVA obtained from the P Register with 
the 32-bit sum returned to the P Register in its rightmost 32- 
bit positions- 

2-^.^-l | compare and Branch 



KEY: 



For 



+ 

— eO 



Table 2.^-b: Xj = Xk 



■^ IND and + D-i see Table 2.M-1 



hi = Any word except ± ^ •> +.IND 

N = Any word except + ^ -• +IND-1 or +D 

S = Algebraic Sum 

D = Algebraic Difference 

P = Product 

(2 = (Quotient 



Branch to -CP} displaced by 2*(3 if Fit. Pt. -CXj} equal to -CXk} 
IDT jk(3 

Branch to -CP> displaced by 2*(2 if Fit. Pt. -CXjl- not equal to -CXk> 
IIQ jk(2 

Branch to -CP> displaced by 2*i3 if Fit- Pt- -CXj> greater than -CXk} 

111 jk(3 

I Branch to -CP> displaced by 2*(3 if Fit- Pt- -CXjl- not less than -CXk> 

112 jki3 

Operation: Each of these instructions shall perform an algebraic 
comparison of the tl^-bit word obtained from Register Xj to the h^- 
bit word obtained from Register Xk- Each of these ti4-bit words 
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shall be treated as a signed single precision floating point 
number as described in subparagraph ^.^-l•l of this specif ication- 
The contents of Register XD shall be interpreted as consisting 
entirely of zeroes- 

When the coefficient signs are alikei a floating point subtract 
shall be performed in the manner described in subparagraph ^.^.3.1 
of this specification^ with the exception that the result shall 
not be transferred to Register Xk but shall be interpreted in its 
post—normalized form to determine the results of the comparision- 

Howevern indefinite shall not be interpreted as being equal toi 
greater thani or less than any other number- Uith respect to 
non-standard floating numbers the results of comparisons shall 
occur according to Table ^-^-b- 

These instructions shall perform a normal exit or a branch exit 
in the manner previously described in Paragraph 2-M-M of this 
specification- 



S-H-H-S Exception Branch 



Branch to CPl displaced by 2*(2 if FLT-Pt- 
Exception per j contained in Xk 
113 jkfl ' 

This instruction shall perform a branch exit in the manner pre- 
viously described in Paragraph E-H-H of this specification when the 
exception conditionn as designated by the rightmost E-bits of the 
j field from the instruction! is, applicable to the bM-bit floating 
point number contained, in the Xk Register- 

This instruction shall perform a normal exit in the manner pre- 
viously described in Paragraph S-^-^ of this specification when the 
exception condition! as designated by the rightmost E-bits of the 
j field from the instruction! is not applicable to the bM-bit 
floating point number contained in the Xk Register- 

The values of the rightmost E-bits of the j field from the instruc- 
tion shall be associated with exception conditions as follows: 

if DDt Exponent Overflow 
if Dli Exponent Underflow 
if ID or IIt Indefinite 
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E.M.5 



Compare 

Compare Fit. 
im jk 



Pt- -CXj} to -CXk}-, result to XI Right 



When either or both of the bM-bit floating point numbers contained 
in Register Xj and Register Xk are indefinite! the results of 
comparing these two numbers shall not be transferred to Register XI 
Right and this instruction shall result in no operation- 

The comparison of the bM-bit floating point numbers initially 
contained in Registers Xj and Xk shall be performed in a manner 
identical to that previously described in subparagraph E-M-M-l of 
this specification- For this instruction also! the contents of 
the XD Register shall be interpreted as consisting entirely of 
zeroes- 

Uhen the initial contents of the Xj Register are equal to the 
initial contents of the Xk Register! Register XI Right shall be 
cleared in all 3E-bit positions- 

Uhen the initial contents of the Xj Register are greater than the 
initial contents of the Xk Register! Register XI Right shall be 
cleared in the leftmost 31-bit positions! 3E through bE and shall 
be set in the rightmost bit position b3- 

Uhen the initial contents of the Xj Register are less than the 
initial contents of the Xk Register! Register XI Right shall be 
set in all 3E bit positions- 
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2-5 Logical Environment 

A logical environment shall be defined by two sets of registers. 
The first set shall be referred to as the Processor State Reg- 
ister and shall include all items which are not unique to a 
process. Each processor shall have one set of Processor State 
Registers. 

The second set of registers shall be referred to as the Process 
State Registers and shall include all items which are unique 
to a process. The act of going from one process state to an- 
other shall be referred to as an exchange. The contents of the 
Process State Registers associated with the exchange shall be re- 
ferred to as an Exchange Package. Therefore-^ each process shall 
have one Exchange Package to define its unique environment. 

2.5.1 Processor State Registers 

See Table 2.5-1 and the following paragraphs for the definition 
of each of the Processor State Registers. 



Processor State Register 
Job Process State 




Bit Positions {inclusive} 


32 - t3 


Monitor Process State 




32 - b3 


Page Table Address 




32 - t3 


Page Table Length 




Sb - b3 


Page Size Mask 




57 - b3 


Processor Identification 




^D - t,3 


System Interval Timer 




32 - b3 


One Megahertz Counter 




D - b3 


Processor Test Mode 




Processor model dependent 


Processor Fault Status 




Processor model dependent 


Environment Control 




Processor model-dependent 


Table 2-5-1. Bit positions 


of 


Processor State Registers when 


copied to or from a m-bit X 


Register. 
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2.5.1.1 



2.5-1.2 



Job Process State -CJPS} 

The JPS shall consist of a 32-bit real memory byte address- It 
shall point to the first entry in the exchange package for the 
job process- The JPS address shall be aligned with bits DD 
through 31 of real memory addresses- The JPS address shall be 
Dn modulo fl- Bits D-. 2T-i 3D-, and 31 shall be ignored and treated 
as zeros- 



Note: 



See 3-1-3 for the definition of a real memory address. 



Monitor Process State -CMPS> 

The MPS shall consist of a 32-bit real memory byte address- It 
shall point to the first entry in the exchange package for the 
monitor process- The MPS address shall be aligned with bits DD 
through 31 of real memory addresses- The MPS address shall be D-. 
modulo fl- Bits Dn 2T-. 3D-, and 31 shall be ignored and treated as 
zeros- 

2-5-1-3 Page Table Address -CPTA> 

The PTA shall consist of a 32-bit real memory byte address- It 
shall point to the first entry in the Page Table. The PTA address 
shall be aligned with bits DO through 31 of real memory addresses- 
The PTA address shall be D-. modulo the Page Table Length- Bit 
D and the rightmost bits defined as D-. modulo the Page Table 
Length-, shall be ignored and treated as zeros- 
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S-S.m ; Page Table Length -CPTL> 

The PTL shall consist of an fi-bit mask which shall specify the 
length of the Page Table. The PTL mask shall express the page 
table length in multiples of MD=Jb bytes- The mask shall consist 
of a contiguous string of one bits-i beginning in the rightmost 
bit position of the PTL Register and extending towards the left- 
most bit position of the PTL Register- Thus-, the number of t^- 
bit entries in the Page Table shall range from SIE -CPTL Mask with 
all a bits clear> to 131nD72 -CPTL flask with all fi bits set>. See 
paragraph 3-S- 

S-S-l-S Page Size flask -CPSf1> 

The PSD shall consist of a 7-bit mask which shall specify the 
page size used in allocating real central memory- The PSfl shall 
express this page size in multiples of SIB bytes. The PSfl shall 
consist of a contiguous string of one bits beginning in the left- 
most bit position of the PSfl and extending towards the rightmost 
bit position of the PSfl- Thusi the page size provided to a pro- 
cessor for its interpretation shall range from bMK bytes -CPSfl 
with all 7 bits clear> to S15 bytes -CPSfl with all 7 bits set>- 
See subparagraph 3-M-E-E- 

S-S-l.b Processor Identification -CPIDl 

The PID shall consist of SH-bits which shall uniquely identify 

each IPL processor-, world-wide- The eight leftmost bits of the 

PID shall encode the processor's model number- The lb rightmost 

bits of the PID shall encode the processor's serial number- 

E-S-1.7 System Interval Timer -CSIT> 

The SIT shall be a 3E-bit counter which the system shall use to 
establish a maximum time interval for job mode execution- See 
paragraph B-S-3-3 for details- 

B-S-l-fi One ilegahertz Counter 

The One Megahertz Counter shall consist of a free-running bM-bit 
counter- It shall increment once each microsecond. See para- 
graph 2-S-3-1 for details- 



E.S.l.T Processor Test node -CPTMJ 

The PTfl register shall provide the means for forcing faults within 
a processor in order to test its hardware fault-sensing logic. 
Moreover-, the PTfl shall provide the means for individually testing 
each fault-sensing mechanism within a Processor. Thus-, the exact 
bit definitions of the PTfl shall be model- dependent. 

E.S-l-lD Processor Fault Status -CPFS> 

The PFS register shall provide the means for indicating a pro- 
cessor's hardware fault status- The exact bit definitions m the 
PFS shall be model-dependent. 

E-S-l.ll Environment Control -CEO 

The EC register shall provide the means for the Service Processor 
to control a processor's environment to the extent of determining 
its mode of operation. Except for the following-, the bit de- 
finitions for the EC shall be model-dependent. 

a. Monitor Mode: This bit-, when set-, shall place a processor 
in flonitor flode. This bit shall be toggled during the 
execution of an Exchange dperation- 

b. Real Addressing Mode: This bit-, when set-, shall bypass 
the Virtual Addressing Mechanism such that all central 
memory references shall be performed with neither virtual 
address translation nor protection -Cvalidationl-i on the part 
of the associated processor. 

c. Test Mode: This bit-, when set-, shall permit the copy in- 
struction -Creference number 131> to write into the Processor 
Test Mode and Fault Status Registers. Attempts to write 
into PTM or PFS when not in Test Mode shall result in an 
Instruction Specification Error. 
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Process State Registers 



Each Process State shall be defined by an individual Exchange 
Package- An Exchange Package shall consist of a minimum of 
SE bM-bit words in Central Memory at contiguous word locations. 
The contents of an Exchange Package shall be formatted according 
to this specification such that corresponding interpretation by 
a processor shall provide the means for establishing a unique 
Process State. 

Each Exchange Package in Central Memory shall contain Process 
State information in sufficient quantity and detail such that a 
processor may be dynamically switched between Exchange Packages. 
Moreover! when a processor is switched from a first Exchange 
Package to a second Exchange Package and at some later time is 
switched back to the first Exchange Packagen the integrity of 
the processing which occurs for the Process State represented by 
the first Exchange Package shall not be affected. 

Those items in the Exchange Package which shall exist in registers 
when an Exchange Package is active shall be processor model de- 
pendent- The processor model dependent specifications shall 
define those items. 

Figure E-S-2 defines the contents of the first 52 words in an 
Exchange Package- The sections which follow shall define the 
items contained in those words- 

a- When the information contained in an Exchange Package is 
implicitly utilized in the course of instruction execution 
on the part of the associated "process" or is explicitly 
readn where applicable! by a "Copy to Xk per -CXj>" in- 
struction {reference No- 13D>n the states of the following 
bits shall be ignored and treated as zeros- 



d. 



Uhen the information contained in an Exchange Package is im- 
plicitly updated in the course of instruction execution on the 
part of the associated "process" or is explicitly written-i 
where applicable-, by a "Copy from Xk per -CXj}" instruction 
-[reference number 131>-i the states of these same bits shall be 
undefined- 

The statements made in item a- shall also apply to the Exchange 
Package-i Uord 3-. Bits DD through Db -[leftmost 7-bit positions 
of the User Mask> with the exception that these bits shall be 
treated as ones. 

Uhen the information contained in words 37 through 51 of an Ex- 
change Package is utilized during "call-," "return-." "pop" or 
"exchange" operations on the part of the associated "process-, 
bits D through 15 of these words shall not be altered m central 
memory- 

The modification of Process State Register values in a central 
memory exchange package by one processor at t he time that 
process is being executed by another processor^ shall result 
in undefined operation. Overlapped exchange packages in 
central memory may also result in undefined operations. 
To provide the alternative-, on a model-dependent basis-, for 
cache addressing by means of PVA or SVA-. exchange packages 
should be kept in Cache By-Pass Segments in order to prevent 
any anomalous operations which might result from "stale" 
cache data conditions. 



Iiiord D: 



Bits 00-1 Dli Dfin 0"^ and b3 



■CP> 

-CUnusedl 
•CUnused> 
•CUnused> 



Uord 2: Bits 02 through 13 
Uord 7: Bits DD through D3 
Uord lb: Bits DD through D3 

Uord 35: Bits 13-. 14-. and 15 -CUnused} 

Uord 3b: Bits DAi DTi ID and bl through b3 -CUnused and 

]>LP> 
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2.S.S.1 Program Address Register -CPJ 

See paragraph B. 1.1.1 for the definition of the P Register's 
contents. 

P shall be located in bits DO through b3 of word D in the Ex- 
change Package. 

E.S.S.S A Registers 

The lb A Registers-i AD through AFn shall be located in bits lb 
through b3 of words 1 through Ibi respectively! in the Exchange 
Package. See paragraph 2.1.1-2. for the definition of the A 
Register's contents. 

2.S.2.3 X Registers 

The lb X Registersn XD through XF shall be located in bits DD 
through b3 of words 17 through 32t respectively! in the Exchange 
Package. See paragraph 2.1.1.3 for the definition of the X 
Register's contents. 

2.S.2.N I Kypt Class -CKeypoint Class Number-, KCN> 

KCN shall consist of a M-bit code which identifies the keypoint 
class number which resulted in a keypoint interrupt. The KCN 
recorded shall correspond to the keypoint mask bit number that 
enabled the keypoint interrupt. See 2.5-2.11 and 2.b.l.7. 

I The KCN shall be located in bits DM through D7 of word 7 in the 
Exchange Package. 

2.S-2-S Flags 

The Flags field shall consist of two separate single bit flags 
which have the following definitions- The Copy instructions 
{reference numbers 13D and 131> shall provide the means for 
setting and clearing these flags on the part of the associated 
process- 

a. Critical Frame Flag €CFF>. 

The CFFn if setn shall indicate that the currently active 

stack frame for the process defined by this Exchange Package 

is a "critical frame." In this contextn software shall have 

exclusive control over the state of CFF. 

CFF shall be located in bit D of word 2 in the Exchange 

Package. 

b. On Condition Flag -COCFl 

The OCF is intended to facilitate the handling of "on 
condition" traps on the part of the "process monitor." In 
this context-i software shall have exclusive control over 

the state of OCF. 
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OCF shall be located in bit 1 of word E in the Exchange 
Package- 

E-S-S-b User flask -CUni 

Un shall be used by user processes to enable trap interrupts- 

There shall be lb bits in the UM- See paragraph E-a-^ for de- 

tails- 

The un shall be located in bits DO through IS of word 3 in the 

Exchange Package. 

2-S-5-7 Monitor Mask -CMMJ 

MM shall be used by the monitor to enable exchange interrupts- 

There shall be lb bits in the Mil- See paragraph E-a.E for 

details- 

The MM shall be located in bits DD through IS of word ^ in the 

Exchange Package- 

E-S-E-6 User Condition Register -CUCRl 

UCR shall be a lb-bit register which records the occurrence of 
specified conditions within the processor- See paragraph E-a.3 
for details- 

UCR shall be located in bits DD through IS of word S in the Ex- 
change Package- 

E-S-E-T Monitor Condition Register -CMCRl- 

MCR shall be a lb-bit register which records the occurrence of 
specified conditions within the processor and central memory. 
See paragraph S-fl-1 for details- 

MCR shall be located in bits DD through IS of word b in the 
Exchange Package- 

S*S-S-1D Debug Mask -CDMJ 

DM shall be used to help debug programs by enabling trap inter- 
rupts to occur for any of several reasons. Section E.7.E des- 
cribes the debug operation- 
I The DM bits shall be located in bits 11 through IS of word 3b 
in the Exchange Package- The assignments are: 

bit 11 - Data Readi first address of string 

bit IE - Data Uriten first address of string 

bit 13 - Instruction fetch 

bit m - Branching instruction 

bit IS - Call instruction 
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-bit mask which selectively enables key- 
whenever a keypoint instruction is ex- 
ode which corresponds to the KM- See 

in bits DD through IS of word 1 in the 



-bit code which defines the keypoint 
eypoint interrupt- See paragraph S-7-1- 
tion {reference number 13b-} 

in bits DD through IS of words T and ID 
Uord T shall contain the leftmost lb 



MIlKlPBill 



E-S-S-11 Keypoint Mask -CKMl 

KM shall consist of a lb 
point interrupt to occur 
ecuted with a keypoint c 
paragraph E-7-1-1- 

The KM shall be located 
Exchange Package- 

B.S.2>12 Keypoint Code -CKCl 

KC shall consist of a 3S 
event which caused the k 
and the Keypoint instruc 

The KC shall be located 
in the Exchange Package 
bits of the KC- 

E.S-E-13 Process Interval Timer -CPITl 

PIT shall be a 3E-bit counter which a process shall use to 
determine time intervals- See paragraph E-S»3.E for details- 

The PIT shall be located in bits D through IS of words 11 and IE 
in the Exchange Package- Uord 11 shall contain the leftmost lb 
bits of PIT- 

E-S-S-m Base Constant -CBCl 

The BC is intended to provide the means for communication from 
"System Monitor" to "Process Monitor" by designating the BN 
field of the Segment D PVA which points to the corresponding 
process' "Run Message In Buffer-" See OS GDSn Section IX; 
Run Descriptors- 

The BC shall be located in bits DD through IS of words 13 and m 
in the Exchange Package- Uord 13 shall contain- the leftmost lb 
bits of BC 

E.S-E.IS Model Dependent Flags -CMDF} 

MDF shall consist of lb bits- MDF shall be processor model 
dependent and shall be defined in the processor model 
dependent specif ication- 

MDF shall be located in bits DD through IS of word IS in 
the Exchange Package- 

E-S-E-lb Segment Table Length -CSTLl 

STL shall specify the number of entries -in the Segment Table- 
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2.S.2.17 



2.S.2.ia 



2.S.2.n 



2.S.2.20 



It shall be used to verify that references to the Segment Table 
are actually within the defined Segment Table. STL shall be a 
positive 12-bit value. See paragraph 3-3- 

The STL shall be located in bits ^ through IS of word lb in the 
Exchange Package. 

Untranslatable Pointer -CUP} 



Interrupt because it 



UP shall be the PVA which caused an 

could not be translated into a real address- 

The UP shall be located in bits lb through b3 of word 3H in the 
Exchange Package- 
Segment Table Address -CSTAl 

STA shall be a real memory byte address that points to the first 
entry in the Segment Table. See paragraph 3-3. STA shall be 
interpreted as equal to U-, modulo fi- STA shall be located in 
bits DD through IS of words 3H and 3S of the Exchange Package- 
Uord 3H shall contain the leftmost lb bits of STA- 
Last Processor Identification -CLPIl 

LPI shall be a 2M-bit identifier that identifies the last proces- 
sor to execute the process defined by the current Exchange Pack- 
age- Bits Dfl through IS shall contain the model number and bits 
OD through IS shall contain the serial number of the last proces- 
sor in words 7 and fin respectively! of the Exchange Package- 
Trap Enables -CTEJ 

TE shall consist of a 2-bit field that determines how traps shall 
be enabled. The bits in TE shall be set by the "Copy from Xk per 
■CXj>" instruction {reference number 131}. Although the bits in 
TE can be cleared by the "Copy from Xk per -CXjI" instruction they 
shall normally be cleared by the hardware action described below- 
See section 2.fi.b for a description of trap interrupt operation. 

a. Trap Enable Flip-flop -CTEF} 

TEF shall be the flip-flop which enables a. trap interrupt 
operation to occur when it is set. It shall be set as 
described above and shall be cleared by hardware whenever 
a trap interrupt occurs^ 

TEF shall be located in bit m of word 2 in the Exchange 
Package- 



b- 



HI 



II? 



Trap Enabled Delay -CTED} 

TED shall be a flip-flop which delays the enabling of trap 
interrupts until after the next Return instruction -Cref- 
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2.5-2-21 



2-S-2-22 



2.S.2.23 



2-5. 2. 2M 



2.S-2-2S 



erence number 1171- is executed. The trap enable shall be 
inhibited as long as TED is set- The Return instruction 
clears TED. TED shall be set by the Copy instruction as 
just previously described. 

TED shall be located in bit 15 of word 2 in the Exchange 
Package- 
Trap Pointer -CTP} 

TP shall consist of a PVA which points to a code base pointer in 
a binding section. The TP shall be used whenever a trap interrupt 
occurs. See 2.fi.b. 

The TP shall be located in bits lb through b3 of word 35 in the 
Exchange Package- 
Debug Index -CDIl- 

DI shall consist of 2 flags and a b-bit word-index into the 
debug list- It shall record where the debug list search must 
resume after a debug list find has been processed- See- 2.7-2-3- 

The DI shall be located in bits DD through D7 of word 3b in the 
Exchange Package- 
Debug List Pointer -CDLPD- 

DLP shall consist of a PVA that points to the first entry in the 
debug list- See 2-7-2-1- 

The DLP shall be located in bits lb through b3 of word 3b in the 
Exchange Package- 
Top of Stack -CTOSl- 

Each TOS shall consist of a PVA that points to the top of its 
associated stack- There shall be an individual TOS pointer for 
each of the 15 rings- 

The TOS's shall be located in bits lb through b3 of words 37 
through 51 in the Exchange Package. The TOS for ring 1 shall be 
located in word 37-. the TOS for ring 2 shall be located m word 
3a-. etc. 

Model Dependent Uord -CnDlil> 

MDU shall consist of b^-bits-. shall be processor model dependent 
and shall be defined in the processor model dependent specifica- 
tion- 

PIDR shall be located in bits DD through b3 of word 33 in the 
Exchange Package. 
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E.S.3 Clocks 

B-S. 3-1 One Megahertz Counter 

The One Megahertz Counter shall be a free-running tsM-bit, counter 
that shall increment once each micro second- It shall be cleared 
by a power-on master clear and shall run as long as power is on- 
The Copy instructions {reference numbers 13D and 131> shall pro- 
vide the means for reading and writing the One Megahertz Counter- 



E-5-3-S Process Interval Timer 

The Process Interval Timer -CPITJ shall be a 3E-bit counter that 
shall decrement once each microsecond- When it decrements to 
zero it shall set the Process Interval Timer bit in the Condition 
Register- Thisn in turn-i shall cause a trap interrupt to occur 
per the masking and enabling requirements described in section 
E-a. 

The PIT contains a different count for each User process- Uhen 
a particular process is not in active execution its PIT value is 
stored in its Exchange Package- By this means each User process 
may keep track of time intervals within its own program execu- 
tion- 

PIT shall be set by the "Copy from Xk per -CXjJ" instruction des- 
cribed in section BmLmB^Emt as well as during an "Exchange" 
operation! described in E.b-l-b and E.fl.5. 

E-S-3-3 System Interval Timer 

The System Interval Timer -CSITJ shall be a 3E-bit counter that 
shall decrement once each microsecond. When it decrements to 
zero it shall set the System Interval Timer bit in the Condition 
Register- Thisi in turnn shall cause an interrupt to 
occur per the masking and enabling requirements 
described in section E-fi- 

By this means the Monitor process may keep track of time 
intervals within the processor- SIT shall be set by the "Copy 
from Xk per -CXjJ" instruction described in section E.fc-S.E. 
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Stacks 

Each process shall have the means for addressing IS stacksn one 
for each possible ring of execution as determined by the value 
of the ring number contained in the P Register- 

The beginning of each stack shall be defined by the PVA referred 
to as the Top of Stack pointer-, previously described in subpara- 
graph E.S-E-EM and illustrated in Figure S-5-E of this specifica- 
tion- 
Note: TOS pointers shall be addressed-, using real addressing 
model as follows: 

Address of TOS pointer = -CJob Process State Register or Monitor 
Process State Register} plus -CEfifi} plus -Cfi times the value of the 
ring number contained in the P Register-! 

Stack Frames 

Each stack shall be comprised of one or more stack frames- The 
beginning of each stack frame shall be defined by the PVA referred 
to as the Current Stack Frame Pointer- At the time a procedure 
is activated -Cor called} the CSF pointer shall be obtained by 
using the TOS pointer which corresponds to the procedure's ring 
of execution- During the time a procedure utilizes a stack frame-.^ 
its length-, from the beginning address-, shall be defined as including 
each contiguous PVA up tOT-Cbut not including}^ the PVA referred to 
as the Dynamic Space Pointer- 

Uhen within a process-, a procedure "calls" another procedure-, with 
the intention that the "called" procedure" will "return" to its 
"calleri" the stack frame associated with the "calling" procedure 
is intended to provide the means for preserving its environment 
so that its execution may be suspended! -Cat the time the other 
procedure is "called"}! and then resumed-. -Cat the time the "called" 
procedure "returns}. 

At the end of each stack frame-i a "save area", shall, be defined for that 
part of a procedure's "environment" which is implicit to the Call 
and Return instructions as defined in subparagraphs E-b-l-E through 
E-b-l-M of this specification- The stack frame save area shall 
consist of from four to thirty-three contiguous tM-bit words-, 
beginning at the address defined by the Dynamic Space Pointer 
with respect to Call instructions and beginning at the address 
defined by the Previous Save Area Pdinter with respect to the 
Return instruction* 
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The Stack Frame Save Area shall be formatted as follows: 
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The Stack Frame Save Area Descriptor shall consist of It-bits 
formatted as follows: 



UORD 



Minimum 
Save I 
Areai 



Maximum 

Save 

Area 



7 

It 
17 

8 

a 
32 



Frame Descript. 



User Mask 



no: 



tlL 



P Register 



AD Register -CDvnamic Space Pointer> 



Al Register -CCurrent Stack Frame Pointer} 



AS Register -CPrevious .^awo Area Pointer> 



A3 Register t 



AM Register 



AS Register 



At Register -CAraument Pointer! 



A7 Register 



AF Register 



DD- 



XD Register 
XF Register 



->" 



* Static Link or Binding Section Pointer 

Thus the "environment" which is implicit to the Call and Return 
instructions shall include: 

Minimallyn P Register 

Register AD through AS OSP-. CSF and PSA> 

Frame Descript- -CStack Frame Save Area Descriptor} 

Dser Mask 

Selectively! Register A3 through AF {contiguously numbered} 
Register XD through XF {contiguously numbered} 

Notes: The PVA initially contained in the P Register shall be 

increased by four prior to writing the entire P Register 
■{including its Global and Local Key fields}n into the 
Current Stack Frame Save Areai Word Di whenever such an 
operation occurs on the part of a Call instruction's 
execution- 
Unused fields in the Stack Frame Save Area shall be cleared 
during the execution of Call instructions and shall be 
ignored during the execution of a Return instruction- 
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X, 



CFF: Critical Frame Flag 

OCF: On Condition Flag 

X : X Registern starting number -CFirst X Reg. No-} 

A Registern terminating number -CLast A Reg- No-} 

X Registern terminating number -CLast X Reg- No-} 

trap Interrupt shall generate a maximum Stack Frame Save Area {33 
wordsln by definition- 

For Call instructionsn the A and X Registers to be stored into the 
Stack Frame Save Area shall be interpreted according to the contents 
of Register XD Rightn in the manner described in subparagraph 
2.2.1-7 of this specificationn with the exception that bit positions 
Mfi through SI of Register XD Right shall be ignored and the storing 
of the A Register group shall unconditionally be^in with Register 
AD. Uhen X is greater than X^n none of the X Registers shall be 

stored by Call instructionsn and none shall be loaded by a Return 
instruction. 

The execution of a Call instruction or a Trap Interrupt shall store 
the states of the Critical Frame and On Condition Flags into the 
Frame Descriptor associated with the Stack Frame Save Area. The 
execution of a Return instruction shall load these Flags from the 
Frame Descriptor contained within the Stack Frame Save Area- 
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2-S.S Binding Section Segment 

A Binding Section Segment shall be identified by the RP field 
within its associated Segment Descriptor as described in 3-3-1-1 
of this specification- 
Binding Section Segments are intended to facilitate software 
linking of both code and data segments from one procedure to 
another ■ 

Also, the detection of a PVA having a ring number of zeron along 
with the corresponding program interruption! as described for the 
Load instructions in subparagraph E-S.l.b of this specificationn 
are performed for the purpose of identifying "unlinked" pointers- 
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2-b System Instructions 

2.b-l Non-privileged Mode 

This class of instructions shall be permitted to execute in any 
processor mode. 

E-b-1.1 Execute Algorithm and Program Error 

a. Execute Algorithm 
I l3^Sjk(2 

This instruction shall be a processor model dependent instruc- 
tion- As suchn it shall be defined in the appropriate processor 
model dependent specification- 



Uith respect to the Call instruction! as described in 
subparagraph S-b-l-S of this specification! having both inter-ring 
and inter-segment branching capabilities-, a Binding Section Segment 
shall be used to contain the Code Base Pointer to the "called" 
procedure. The Code Base Pointer shall be located on a word bound- 
ary! shall consist of b4-bits and shall have the following format: 



DP 



CB- K/L 



DTloa 



115 



R2 CB-R3 :B- R1 



Ih 



5D 



135 



SEG 



XP 



IE 



33 



t3 



BN 



31 



With respect to the "called" procedure these fields shall have the 
following interpretation: 

CB-K/L : Code Base Pointer-. Global Lock and Local Key/Lock 
CB-RE : Code Base Pointer-. Highest Ring Number for Execute 
CB-R3 : Code Base Pointer-. Highest Ring Number for Call 
CB-Rl : Code Base Pointer-. Lowest Ring Number for Execute 
SEG - Segment Number 
BN - Byte Number 

Note: When the External Procedure Flag is a one-, the next contiguous 
word location from the Code Base Pointer shall contain a 
PVA in its rightmost 4a-bit positions-, lb through fc.3-. referred 
to as a Binding Section Pointer- Thus-, a new Binding Section 
Pointer shall be provided -Cat the address of the Code Base 
Pointer plus 63- when an "external procedure" is "called"- 







WlHll 



s 

field 


Use 


Defining 
Document 


D 


Centurv Comoatibilitv 


PI Soecn ASLDDEID 


1 






E 






3 






^ 






s 


1 


h 






7 







Note: For those processors in which one or more of the above 
algorithms have not been implemented-, the corresponding 
Execute Algorithm instructions shall result in the re- 
cording of an Unimplemented Instruction condition. 

b- Program Error 
lEl jk 

The execution of this instruction shall result in the detection 
I of an Instruction Specification error and the corresponding 
program interruption shall occur- 

The operation code for this instruction shall consist entirely 
of zeroes- 

The j and k fields from this instruction shall not be translated 
and their values shall have no effect on the execution of this 
instruction- 
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2.ti-1.2 Call per -CAil displaced by Et*J>i Arguments per -CAj}! Static Link 
per -CAk} 

lis jkiD 

Operation* This instruction shall save the "environment"! as 
designated by the contents of Register XD Righti in the stack 
frame save area pointed to by the Dynamic Space Pointer 
initially contained in Register AD* The stack associated with 
the current ring of execution! as determined by the RN field 
initially contained in the P Register-i shall be "pushed" by trans- 
ferring the Dynamic Space Pointern modified in its rightmost 3E-bit 
positions by the addition of fl times the number of words stored into 
the stack frame save area-t to the appropriate Top of Stack entry 
in the executing process' Exchange Package. 

The PVA obtained from Register A*i shall be modified in its riqht- 
I most 32-bit positions by the addition of the zero-extended D field 
from the instruction! {shifted left 3-bit positions with zeroes 
inserted on the right>n and the resulting PVA shall be used to 
address a Code Base Pointer from a Binding Section Sejgment. This 
Code Base Pointer shall be translated into a PVA used to address 
the first instruction to be executed in the ^called" procedure- 
The ring of execution of the called procedure! P-CRN} finali shall 
be used to obtain a Top -of Stack pointer from the process' Exchange 
Package to be used as the new Current Stack Frame Pointer. 

The ADt All and AB Registers shall be altered to reflect changes 
with respect to the Current and Previous Stack Frames and the 
A3! and A t Registers shall be altered to reflect pertinent 
parameter changes as required! in accomplishing this transfer of 
control from a "calling" procedure to a "called" procedure- 
Register assignments shall be as follows: 

■CAD> - Dynamic Space Pointer 
■CA1> - Current Stack Frame Pointer 
"CA5> - Previous Save Area Pointer 
•CA3} - Static Link or Binding Section Pointer 
-CAb> - Argument Pointer 

Note: Execute Access Validation shall be performed by using the 
Code Base Pointer -Cas previously described in paragraph E.S.S of 
this specification} instead of the Segment Descriptor associated 
with the SE6 field contained in the Code Base Pointer- 



The associated program interruption shall occur and the execution 
of this instruction shall be inhibited when any of the exceptions 
are recorded from the following sequence of exception sensing: 

Instruction Specification error when the value of the M-bits in 
bit positions Sb through ST of Register XD Right is less than E. 

Address Specification Error 

•CAi} not equal to En modulo fi. 

An invalid PVA -Cbit position 3E equal to a 6ne> for any access to 

the Binding Section. 

Segment Descriptor Invalid for the Binding Section Segment. 

Access Violation -C See 3.3-1.1 and 3.b-B.E> 

Code Base Pointer not contained in a "Binding Section" Segment 

Code Base Pointer not contained in a "ring-readable" Segment 

Page Table Search Uithout Find for the Binding Section page-Cs> 
Ring Number Zero when the Code Base Pointer Rl is equal to zero. 

Access Violation 

Ai Ring Number greater than Code Base Pointer R3 

Initial P Ring Number greater than Code Base Pointer R3 

Initial P Clobal Key not equal to Code Base Pointer Global Lock 

in the absence of "master key" and "no-lock" values! respectively. 

Outward Call when the initial P Ring Number is less than the Code 
Base Pointer Rl. 

Address Specification Error 

Final -CPJ would not be equal to D! modulo E. 

An invalid PVA -Cbit position 3E equal to a one> for any access to 

the Current Stack Frame Save Area. 

Initial -CAD} not equal to D! modulo fl. 

Segment Descriptor Invalid for the Current Stack Frame Save Area. 

Access Violation 

Current Stack Frame Save Area not in a "writable" Segment {See 

3.3.1.1! 3.b.E.E and 3.L.3.E> 

Page Table Search Uithout Find for the Current Stack Frame Save 
Area page-CsJ. 
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In the absence of a program interruption 
of events shall accomplish the execution 



Operation 

a 



* 


1 


* 


m 


* 


n 



"Environment" to Stack Frame Save 
Arean then Copy P Left to XD Left 

Store initial -CAOn incremented by 

fl times the number of save area wordsn 

to Exchange Package per initial P 
Ring Number 

If P Global Key is not a "Master 
Key" go to step e- 

Load P Global Key with Code Base 
Pointer Global Lock 

Load P Local Key uith Code Base 
Pointer Local Lock 

If P Ring Number is not greater than 
Code Base Pointer R2t go to step h. 

Set P Ring Number equal to Code 
Base Pointer R2 

Load P SEG and BN fields with Code 
Base Pointer SEG and BN fields 

If Code Base Pointer "XP" is On 
Copy -CAk> to A3 and go to step k 

Load A3 with new Binding Section 
Pointer 

Copy -CAj} to AL 

Copy initial -CAD> to A2 

Clear On Condition Flag 

Load Al from Exchange Package per 
final P Ring Number and clear 
Critical Frame Flag 

If -CAIJ equal to Di modulo fin go to 
step q. 

■CA1> + 7 to Aln D modulo fi result. 

Copy Al to AD 



T the following sequence 
of the instruction: 

Remarks 

See paragraph 2.S-M.1 
Copy Caller 's ID 

Update TOS pointer 
See paragraph 2.S.2.2M 



See subparagraph 3.ti.3.2 
and paragraph 2.S.S 



Intra-ring Call 

Inward Call 

Clear bit position 
32 of P Register 

Internal Procedure 

See paragraph 2-5.5 

Pass parameters 

DSP to PSA pointer 

Clear OCF 

TOS to CSF pointer 
Clear CCF 



Round upwardsi word address 
CSF pointer to DSP 



2.L-1.3 Call to -CP} displaced by 2*(2t Arguments per -CAj}! Static Link 
per -CAk}. 
lit, jk(3 

Operation- This instruction shall save the "environment"! as 
designated by the contents of Register XD Rightu in the stack 
frame save area pointed to by the Dynamic Space Pointer 
initially contained in Register AD. The stack associated with 
the current ring of execution! as determined by the RN field 
initially contained in the P Register! shall be "pushed" by 
transferring the Dynamic Space Pointern modified in its rightmost 
32-bit positions by the addition of fl times the number of words 
stored into the stack frame save arean to the appropriate Top of 
Stack entry in the executing process' Exchange Package- 



The P Register shall be modified in its rightmost 32-bit positions 
by the sign extended Q field from the instructioni -Cleft shifted 
1-bit position with a zero inserted on the right> and the final 
contents of the P Register shall be used to address the first 
instruction to be executed in the "called" procedure- 
Registers AO^ Al and A2 shall be altered to reflect changes with 
respect to the Current and Previous Stack Frames and the A3 and 
Ab Registers shall be altered to reflect pertinent parameter changes 
as required! in accomplishing this intra-ringn intra-segment 
transfer of control from a "calling" procedure to a "called" 
procedure- 
Register assignments shall be as follows: 

■CADI - Dynamic Space Pointer 

■CA1> - Current Stack Frame Pointer 

•CA2> - Previous Save Area Pointer 

•CA3> - Static Link 

■CAL> - Argument Pointer 



mimm 



* Unconditionally included in a Trap Interrupt! 
** Unconditionally omitted from a Trap Interrupt! 

See 2.fi.L. 
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The associated program interruption shall occur and the execution 
of this instruction shall be inhibited when any of the exceptions 
are recorded from the following sequence of exception sensing: 

Instruction Specification error when the value of the ^-bits in 
positions St through ST of Register XD Right is less than 2- 

Address Specification Error 

Initial -CAO>not equal to Oi modulo flo 

An invalid PVA -Cbit position 3S equal to a one> for any access 
to the Stack Frame Save Area. 

Segment Descriptor Invalid for the Stack Frame Save Area Segment- 

Access Violation -CSee 3.3.1- 1-. 3.b.E.2 and 3.b.3.S> 
Current Stack Frame Save Area not in a "writable" Segment 

Page Table Search without Find for the Stack Frame Save Area page-Cs>- 

In the absence of a program interruption! the following sequence 
of events shall accomplish the execution of this instruction: 



Operation 

I a.> "Environment" to Stack Frame Save 
I Arean then Copy P Left to XD Left 

b-> Store initial -CADJi incremented 
by a times the number of save 
area words-i to Exchange Package 
per initial P Ring Number 

c.> -CPJ plus 2*a to P 

d.> Copy -CAk} to A3 and -CAj> to At 

e-> Copy initial -CA03- to AE and 
clear Critical Fence Flag 

f-> Copy initial -CADJi incremented 
by fi times the number of sav2 
area wordsn to AD and Al* 

g-> Clear On Condition Flag 

MKHll 



Remark 

See paragraph 2.5. M.l 
Copy. Caller's ID 

Update TOS pointer 
See paragraph 2-5-2o2M 



Intra-ringi intra-segment Call 
Pass parameters 

DSP to PSA pointer 
Clear CFF 

TOS to CSF pointer 



Clear OCF 



2.b.l-M Return 
117 jk 

Operation- This instruction shall re-establish the Stack Frame 
and "environment" of a previous procedure as defined by the 
Previous Save Area Pointer- 

The j and k fields from this instruction shall not be translated- 
Thusi their values shall have no effect on the execution of this 
instruction for which all execution parameters shall be implicit- 

The Stack Frame Sa\^e Area from which a previous procedure's "en- 
ironment" shall be obtained-i shall be addressed by means of the PVA 
initially contained in Register A2. The format of the previous^ 
procedure's Stack Frame ^a\/e Area shall conform to the description 
contained in paragraph 2-S•^-l of this specification- 

The associated program interruption shall occur and the execution 
of this instruction shall be inhibited when any of the exceptions 
are recoraea from the following sequence of exception sensing: 

Address Specification Error when the initial •CA2> not equal to On 
modulo At or an invalid PVAt -Cbit 32 equal to one>. 

Segment Descriptor Invalid with respect to the PVA initially 
contained in Register A2. 

Access Violation when initial ■CA2> would not address a "readable" 
I segment -CSee 3. 3.1. It 3.b.2.2 and 3.b.3.2> 

Page Table Search liJithout Find with respect to any central memory 
accesses to the previous procedure's Stack Frame Save Area- 

Environment Specification Error 

The value of the field designating the last A Register to be 
loadedn as contained in the Previous Stack Frame's Descriptor! is 
less than 2- 

Segment Descriptor Invalid with respect to the PVA contained in 
Uord D of the previous procedure's Stack Frame Save Area. 

Address Specification Error 

Final -CPl- would not be equal to Di modulo 2- 

Final -CP> would be an invalid PVAn -Cbit 32 equal to one>. 
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E.t.l.S 



Access Violation 

Final "CP> would not address an "executable" segment. 

Final -CP3- Local Key would not "strictly - equal" the associated 

segment's Local Lock. 

Final -CPl Global Key would not "strictly - equal" the associated 

segment's Global Lock-i provided the associated segment's Global 

Lock is not a "No Lock-" 

Note: The term "strictly - equal" infers bit-for-bit equivalence. 

Environment Specification Error 

Final P ring number would be less than initial A2 ring number- 
Final -CAD} would not equal initial <.A2y' 

Outward Call -Clnward Return! if initial P ring number is greater 
than initial AE ring number- 

Critical Frame Flag if the initial state of the Critical 
Frame Flag is equal to a one- 

In the absence of a program interruption-! the following sequence 
of events shall accomplish the execution of this instruction: 



Operation 



a- Load the "environment "from the 
previous procedure's Stack Frame 
^a\fe Area- 

b- For each A Register ring number 

which is less than the P Register's 
ring numberi set the associated A 
Register's ring number equal to the 
P Register's ring number- 

c- Store the final -CA1> to the Exchange 
Package per the final P ring number- 

d. Clear the Trap Enable Delay if set. 



Remarks 

See E.S.M.l -CLoaded per 
Frame Descriptor X t A- 
and Xj't Ag=D> ^ ' 

Ripple 



CSF— ^►TOS pointer 
See paragraph E-S-5 .gq 

See E-S.E.EQ 



Pop 
llfl jk 



nnffifjlfffPfilfP Operation - 

JDuUIi UDliJll] of a previous procedure as defined by the Previous Stack Frame's 



liJ 



This instruction shall re-establish the Stack Frame 



Pill 



Save Arsa- 

The j and k fields from this instruction shall not be translated- 
Thusi their values shall have no effect on the execution of this 
instruction for which all execution parameters shall be implicit- 
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The associated program interruption shall occur and the execution 
of this instruction shall be inhibited when any of the exceptions 
are recorded from the following sequence of exception sensing: 

Address Specification Error 

Initial -CAE} not equal to Dt modulo 6. 

Initial -CAEl an invalid PVA -Cbit 3S equal to one>. 

Segment Descriptor Invalid with respect to the Segment Descriptor 
associated with the PVA initially contained in Register AE- 

Access Violation {See 3. 3-1. In 3.b.E.S and 3.b.3.E> 
Initial -CAEl does not address a "readable" segment. 

Page Table Search Uithout Find with respect to the central memory 
accesses to the previous procedure's Stack Frame Save Area. 

Environment Specification Error 

Initial -CAE> not equal to Uord 1 contained in the previous pro- 
cedure's Stack Frame Save Area. 

Inter-Ring Pop if the RN field contained in the P Register is 
not equal to the RN field initially contained in Register AE- 

Critical Frame Flag if the initial state of the Critical Frame 
Flag is equal to a one. 



In the absence of a program interruptionn the following sequence 
of events shall accomplish the execution of this instruction. 



Operation 

a-} Load Al with the PVA from 

lilord E of the previous procedure's 
Stack Frame Save Area 



Remarks 

Update CSF pointer 
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b.} Load A5 with the PVA from Uord 
3 of the previous procedure's 
Stack Frame Save Area- 



c-} Load the Critical Fence Flag 
and the On Condition Flag 
from the previous procedure's 
Stack Frame Save Area- 

d-> Store the final -CAll to the 
process' Exchange Package per 
the P Register's Ring Number 



Update PSA pointer 



Update CFF and OCF 



Update TOS pointer. 
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EXECUTION SEQUENCE 

: ^ 



TOS = Top of Stack pointer 

n " Ring of execution-! inner ring 
n* •= Ring of execution-i outer ring 
AO b DSP - Dynamic Space pointer 
Al = CSF = Current Stack Frame pointer 
AS ° PSA - Previous Save Area pointer 
* « Save Area 



5.ti-l-ti Exchange 

IBDjk 

Uhen executed in Monitor mode this instruction shall change the 
processor from monitor process state to job process state- See 
E.a.S.E. 

When executed in Job mode this instruction shall change the pro- 
cessor from job process state to monitor process state. See 
Eyfi.S.l- In addition-i the System Call bit in position ID of the 
Monitor Condition Registeri job process statei shall be set. 

The PVA contained in Uord -CP Register} of the Exchange Package 
associated with the state from which the exchange is taking placei 
shall be updated such that it points to the instruction which 
would have been executed had the exchange not taken place-i i-e-n 
the PVA of the "Exchange" instruction with E added to its BN 
field- 

The j and k fields from this instruction shall not be translated 
and their values shall have no effect on the execution of this 
instruction- 



I Ring n 



I Ring n* 

AO-H 



Al and 
TOSn.^ 
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BSn-fr- 
AE — 



AD- 
\1 and 

rosn+— 

a2 



START 



CALL CALL CALL POP RETURN RETURN 

•CIntra-ringJ. -Clnter-ring} -Clntra-ringJ -Clntra-ring} -Clnter-ring} -CIntra-ring3 



E.b.l-? Keypoint-i class j-i code equal to -CXk> Right plus Q 

13b jk(2 

Operation - The Keypoint instruction shall cause an interrupt to 
occur if the keypoint mask bit is set which corresponds to the 
keypoint class number in the j field of the keypoint instruction- 
Before the interrupt occurs the ^ bits of the j field shall be 
copied into the keypoint class number -CKCNl register and the 3B- 
bit keypoint code shall be copied into the keypoint code reg- 
ister- See E.5.S.Mt E.S-E.ll-i and E-S-E.IB- 

The keypoint code shall be formed by the addition of t3n expanded 
to 3E bits by means of sign extension-i to the contents of Reg- 
ister Xk Right. For the purpose of this instruction-i the contents 
of Register XD Right shall be interpreted as consisting of zeros. 
Arithmetic Overflow shall not be detected during the formation 
of the keypoint code. 

I The Keypoint Interrupt shall be recorded in bit Db of the User 
I Condition Register as described in E.fi.3.7. 



Figure S.bvl: Call/Return/Popn post-execution stack frame states -Cincluding 

the Software updating of the Dynamic Space Pointer> 
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2-b-l-fl Compare -CXk} at -CAjln 
store -CXDD- at -CAj} 
125 jk 



if not equaln load Xk from -CAjJn if equal-i 



This instruction shall compare the bM-bit word in Register Xk with 
the tiM-bit word in central memory whose PVA is contained in Reg- 
ister Aj- If equality is foundn the contents of Register XD shall 
be stored in central memory at the PVA contained in Register Aj- 
If equality is not foundn Register Xk shall be loaded with the 
central memory word whose PVA is contained in Register Aj- 

A serialization function shall be performed before this instruction 
begins and again at its ending- Execution of this instruction 
shall be delayed until all previous accesses to central memory 
on the part of this processor are completed. Execu- 

tion of subsequent instructions shall be delayed until all central 
memory accesses due to this instruction are completed- 

Conceptually-i the execution of this "Compare" instruction on the 
part of a processor shall result in preventing other processors 
from accessing the central memory word at the PVA contained in 
Register A j between the read and write accesses associated with the 
execution of this instruction! provided such processors are also 
executing a "Compare" instruction. Uith respect to this instruction 
onlyn in order to satisfy its "non-preemptive" requirement-i the 
use of m-bit words consisting entirely of ones in their leftmost 
32-bit positions! DD through 31t shall be reserved for each pro- 
cessor's implementation of this instruction- Idhen the 32-bit 
halfword initially contained in Register XD Left consists entirely 
of onesi an Instruction Specification Error shall be detected-, 
the execution of this instruction shall be inhibitedn and the 
corresponding program interruption shall occur. 



2.t.l-T Load Bit to Xk Right from -CAj} bit indexed by -CXDl Right and set 
bit in central memory 
12M jk 

Operation - This instruction shall transfer a single bit into 
Register Xk Right-, bit position fc3n from a bit position in central 
memory. This instruction shall also clear the Xk Register in its 
leftmost b3 bit positions! DD through t2- The bit position m 
central memory shall be unconditionally set without changing any 
other bit positions within the byte or word- 
No other processor shall be permitted access to the byte in central 
memory from the beginning of the read access until the end of the 
write access which sets the bit within that byte. 

A serialization function shall be performed before this instruction 
begins and again at its ending- Execution of this instruction shall 
I be delayed until all previous accesses to central, memory by this 
I processor are completed. Fetching or execution of subsequent 
instructions by this processor shall be delayed until all central 
memory accesses from this instruction are completed- 

Addressinq - The byte in central memory-, containing the bit position 
to be loaded shall be addressed by means of the PVA contained in the 
Aj Register modified by a bit item count-, consisting of a 32-bit 
indexi as follows: The 32-bit halfword obtained from Register XD 
Right shall be shifted right three bit positions-, end-off with 
sign extension on the left-, and the 32-bit shifted result shall be 
added to the rightmost 32 bits of the PVA obtained from the Aj 
Register. 



Not es i For the 
tionn the centra 
both a read and 
having a Cache s 
and shall purge 
the write access 
address consists 
Address Specific 
this instruction 
interruption sha 



purpose of establishing operand access valida- 

I memory operand access types shall consist of 
a write access- Moreover! those processors 
hall bypass it with respect to the read access 
the associated entry from it with respect to 

•tSee 2.T>. Unless the central memory operand 
of a byte address which is D! modulo fli an 
ation error shall be detected! the execution of 
shall be inhibited! and the corresponding 

II occur. 



Values from D through 7 for these three bits shall select the cor- 
responding bit position! D through 7 from the central memory byte- 
Notes: For the purpose of establishing access validity! the central 
memory operand access types shall consist of a read and a write 
access. Moreover! those processors having a Cache -CSee 2.T> shall 
bypass it with respect to the read access and shall purge the 
associated entry from it with respect to the write access. 
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E.t.l.lD Test Page -CAj> and Set Xk Right 
lEb jk 

This instruction shall test for the presence of the page in 
central memory corresponding to the PVA contained in Register Aj. 

Uhen this instruction finds the corresponding page in central 
memory! the "Used" bit in the Un field of the associated Page 
Descriptor shall be setn -CSee 3.S.1-1>t and the Real Memory 
Address -CRflA} translated from the PVA contained in Register Aj 
shall be transferred to Register Xk Right. 

When this instruction cannot find the corresponding page in 
central memoryn Register Xk Right shall be set in all 3B bit 
positions! 3E through ti3. 

Note" Central memory .Access Validation -Cper Section 3.t> shall 
not be performed during the execution of this instruction 

S.b.1.11 Interrupt Product to Xk Right 
1B3 jk 

This instruction shall transfer the bit-by-bit product of the 
Monitor Mask and Monitor* Condition Register to bit positions 3E 
through M7 of Register Xk Right and shall transfer the bit-by- 
bit product of the User Mask and User Condition Register to bit 
positions Mfi through b3 of Register Xk Right. -CSee tables E-fl-l 
and E.fi-B for the bit definitions of the Mask and Condition Reg- 
isters>. 

E.y.l.lE Copy to Xk from Central Memory Maintenance Register at -CXjl Right 
13Ejk 

This instruction shall copy the central memory Maintenance Reg- 
ister specified by the contents of Register Xj into the Xk Reg- 
ister. All bM bits of the Xk Register shall be cleared before 
the selected register is copied into it. 

The Processor Memory Port to be utilized during the execution of 
this instruction shall be determined in the manner defined in sub- 
paragraph B.ID.1.1 of this specification with the exception thatn 
I for this instructiom bit 33 of the Xj Register shall be used in 
I place of bit Dl of the Real Memory Address as described in that 
subparagraph! item a- 

Bits Sb through b3 of the Xj Register shall contain the number of 
the central memory Maintenance Register! the contents of which 
shall be copied into the Xk Register. See Section M.S of this 
specification for central memory Maintenance 
Register definitions. 
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E-\=i-d. Local Privileged Mode 

This class of instructions shall be permitted to execute only 
when the processor is in either local privileged mode or in 
global privileged mode. If an instruction in the local privil- 
eged mode class! attempts execution when the processor is not 
in either local privileged mode or in global privileged mode! 
a Privileged Instruction Fault shall be detected! execution of 
that instruction shall be inhibited! and the corresponding pro- 
gram interruption shall occur. 

Instructions in the local privileged mode class shall be executable 
whenever a processor is executing instructions from a segment whose 
Segment Descriptor defines that segment as either a local privileged 
executable segment or a global privileged executable segmeqj:- 
See 3.3.1.1> 

E-b-E-l Copy to Central Memory Maintenance Register at Xj Right from Xk 
133 jk 

This local privileged instruction shall copy the contents of Register 
Xk into the Central Memory Maintenance Register selected by the con- 
tents of Register Xj. 

The Processor Memory Port to be utilized during the execution of 
this instruction shall be determined in the manner defined in sub- 
paragraph S. ID. 1.1 of this specification with the exception thatn 
I for this instruction! bit 33 of the Xj Register shall be used in 
place of bit Dl of the Real Memory Address as described in that 
subparagraph! item a. 

Bits St through !33 of the Xj Register shall contain the number of 
the central memory Maintenance Register into which the contents of 
Register Xk shall be copied. See Section M.S of this Specification 
for central memory Maintenance Register definitions. 



MIKPBlll 



N C R 




CONTROL DATA 1 




THIS 


REPLACES 


FILE 




ADVANCED SYSTEMS LABORATORY 


DATE 

Sept. 


3Dn n7^ 


nay 31-. n7M 


APPROVED 

ASL 


APPROVED 

NCR 


APPROVED 

CDC 


PAGE 


mM 


mM 



E.b.5.2 



Load Page Table Index per -CXj} to Xk and Set XI Right 
127jk 

This local privileged instruction shall search the Page Table in 
central memoryn shall return the final index value to Register 
Xki and shall set Register XI Right according to the results of 
the search- 



The entry searched for within the 
the System Virtual Address -CSVA} 
i a description of the format for a 
i subparagraph 2. b.S. 3 of this spec 



The Page Table shall be searched 
by the Virtual Addressing Mechani 
psuedo-randomized {hashed}! in co 
Length "CPTL>t in order to obtain 
manner described in subparagraph 
The Page Table Address -CPTAJ inte 
the PTLn shall be concatenated to 
the purpose of determining the fi 
the Page Table. 



Page Table shall be defined by 
contained in Register Xj- For 
n SVA in an X Register! see 
if ication. 

in the manner normally employed 
sm. Thusn the SVA shall be 
njunction with the Page Table 
a nominal index value in the 
3.S.S-1 of this specification, 
rpreted as equal to On modulo 
this nominal index value for 
rst location to be searched in 



Beginning with this locationn the Page Table shall be linearly 
searched! -Cwith the nominal index value increased by fl for each 
entry which does not correspond to the SVA but does contain a 
Continue bit equal to In up to a maximum of 32 entries searched} 
in the manner described in subparagraph 3-5.2-2 of this speci- 
fication- 

When a Page Descriptor corresponding to the SVA initially contained 
in Register Xj is foundn the index into the Page Table which is 
associated with that entry shall be transferred to Register Xk 
and Register XI Right shall be set in all 32-bit positionsn 32 
through b3. 

Uhen the Page Table search terminates as a result of not finding 
a Page Descriptor which corresponds to the SVA initially con- 
tained in Register Xjn {whether the termination results from a 
Continue bit equal to or performing a maximum of 32 comparisons>n 
the index into the Page Table associated with the last entry com- 
pared shall be transferred into Register Xj and the count of 
entries searched shall be transferred to Register XI Right. 
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2.b.3 Global Privileged Mode 

This class of instructions shall be permitted to execute only 
when the processor is in global privileged mode. If an in- 
struction in the global privileged mode class attempts ex- 
ecution when the processor is not in global privileged mode 
a Privileged Instruction Fault shall be detectedn execution 
of that instruction shall be inhibitedn and the corresponding 
program interruption shall occur. 

Global privileged mode shall exist whenever the processor is 

executing instructions from a segment whose Segment Descriptor 

defines that segment as a global privileged executable segment. 
See 3.3.1-1 

5-b. 3.1 I Interrupt Processor per -CXk}. 

122 jk 

The execution of this global privileged class instruction shall 
send an external interrupt to one or more other processors via 
their central memory ports. The processors shall be identified 
by the central memory port number to which they are connected. 

The interrupting processor shall send the contents of Register 
Xk Right to central memory. Central memory shall then send 
an external interrupt to the processor-Cs> on those ports whose 
port numbersn plus 32n correspond to the bit positionsn which 
are set within Register Xk Right. Uhen the interrupting processor 
has two ports connected to the same memory -CSGe Figure l-3-l>n 
a "switch" shall select the port used to transmit the contents 
of Register Xk Right to central memory along with the "interrupt" 
function » -CSee 2.1D-1.1 for "switch" definition} 

Uhen the interrupting processor has two ports connected to indepen- 
dent memories -CSee Figure l-3-3> the state of Bit DD of Register 
Xk shall select the port used to transmit the contents of Register 
Xk Right to central memory along with the "interrupt" function- 
Uhen Bit DD is clearn Port D shall be usedn when Bit DD is setn 
Port 1 shall be used. 

A serialization function shall be performed before this in- 
struction begins execution. That isn execution of'this in- 
struction shall be delayed until all previous central memory 
accesses on the part of the interrupting processor are complete. 
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E-b.M Monitor Mode 

This class of instructions shall be permitted to execute only 
when the processor is in monitor mode- If an instruction in 
the monitor mode class attempts execution when the processor 
f is not in monitor mode-i an Instruction Specification orr.or. shall 
' be detected. Execution of that instruction shall be mhibitedn 
and the corresponding program interruption shall occur- 

nonitor mode shall exist whenever the processor is in the 
state defined by the Monitor Exchange Package. The address 
contained in the Monitor Process State Register shall point 
to the Monitor Exchange Package. 



Note: No single operation code shall be confined to Monitor mode 
execution. However-i sub-operation codes for the instructions 
defined in B-b-S are confined to Monitor mode according to the 
descriptions contained within that paragraph of this specification- 
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E»[2'S Mixed Mode 

This class of instructions shall include those instructions whose 
mode is dependent on a parameter selection within the instruction- 
Depending on the value of the parameter-t the mode of the instruc- 
tion shall be non-privileged-i local privileged-! global privileged-i 
or monitor. The description of each instruction shall define 
which parameter selects the mode and how the selection is made. 

2.b.S.l Branch to -CPJ displaced by 2*(2 and alter Condition Register per 

13^ jkfl 

This instruction shall test the value of a selected bit in the 
Condition Register. The j field selects the bit number within 
the Monitor Condition Register or within the User Condition 
Register depending on the k field- The k field shall also deter- 
mine the branch decision and Condition Register bit alteration 
as follows: 

k = D-or At if bit j of the Monitor Condition Register is sett 
clear it and take a branch exit. 

k = 1 or Tn if bit j of the Monitor Condition Register is not 
set-r set it and take a branch exit- 

k = 2 or A-i if bit j of the Monitor Condition Register is setn 
take a branch exit- 

k = 3- or Bt if. .bit j of the Monitor Condition Register is not 
setn take a branch exit- 



k = M or C-» if_bit j of the User Condition Register is setn 
clear it and take a branch exit- 

k = S or Dn if.bit j of the User Condition Register is not 
sett set it and take a branch exit- 

k = b or E-. if bit j of the User Condition Register is seti 
take a branch exit- 

k = 7 or Fn if bit j of the User Condition Register is not 
setn take a branch exit. 
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Normal exit - Uherv the test of bit j does not satisfy the branch 
condition as specified by tKe k field of this instruction^ a 
normal exit from this instruction shalt be performed. A normal 
exit from this 32-bit instruction shall consist of adding M to 
the rightmost 32 bits of the PVA contained in the P Registern with 
the sum returned to the P Register's rightmost 32 bits. 



2.b.S.^2 Copy 



Branch Exit 
as specified 
from this ins 
consist of ex 
by means of s 
position with 
bit result to 
P Register wi 
32 bits. 



Iilhen the test of bit j satisifes the branch condition 
by the k field of this instruction! a branch exit 
truction shall be performed. A branch exit shall 
panding the Q field from the instruction to 31 bits 
ign extension! shifting these 31 bits left one bit 
a zero inserted on the rightn and adding the 32 
the rightmost 32 bits of the PVA contained in the 
th the sum returned to the P Register's ri^tmost 



Monitor and Privileged Mode - Some values of the k field of this 
instruction shall cause this instruction to be a Monitor or Non- 
privileged instruction as follows: 

Mode 



D or fi 

1 or "1 

2 or A 

3 or B 

M or C 
S or ]> 
t or £ 
7 or F 



Monitor 
Monitor 

Non-privileged 
Non-privileged 

Non-privileged 
Non-privileged 
Non-privileged 
Non-privileged 



Unless the processor is in monitor mode when execution is restric- 
ted to monitor moden an Instruction Specification Error shall be 
detected-, execution of this instruction shall be inhibitedoi 
and the corresponding program interruption shall occur. 



This group of instructions shall provide the means to copy an 
X Register to/from a state register. The state register shall be 
addressed by the contents of the rightmost fl bits -Cbits St through 
t3> of Register Xj Right. The list which follows shall define the 
address assigned to each state register and the bit number lo- 
cation of the register within a word. State registers with add- 
resses in the range AD through BF shall be read-only with respect 
to the processor! although the Service Processor may read and 
write them. State Registers with addresses in the range CD through 
FF shall be read or written from the Service Processor only. 

Some implementations of this CDS may not use separate flip flop 
registers. Some state registers may be held in central memory 
even when they are in active use. For such cases these copy in- 
structions shall make state registers held in central memory 
appear to operate as copy instructions and not as load or store 
instructions. 

Unless the processor is in Monitor mode when execution is res- 
tricted to Monitor mode-i an Instruction Specification error shall 
be detected-! execution of this instruction shall be inhibited! and 
the corresponding program interruption shall occur. 

unless the processor is in the appropriately privileged-mode when 
execution is restricted to local or global privileged mode! a 
l-rivileged Instruction error shall be detected! the execution of 
this instruction shall be inhibited! and the corresponding program 
interruption shall occur. 

See Table 2.b-l for register definitions. 

Note: Multiple Address assignments have been specified for certain 
Registers so that! by properly choosing the appropriate address! 
the contents of a single X Register may be used as both the address 
and data value for the purpose of copying into such Registers- 
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Register 

Number Register Name 

DD-Dl Critical Frame Flag 

DB-D3 On Condition Flag 

DM Debug Index 

DS Debug Mask Register 

Db User Mask Register Register 

ED-23 Trap Enables 

EM Trap Pointer 

ES Debug Pointer 

Eb Keypoint Mask 

E7 Keypoint Code 

Efi Keypoint Class Number 

ET Process Interval Timer 

MD Processor Test Mode 

bD Processor Fault Status 

flD Monitor Mask Register 

ai Job Process State Pointer 

flE Page Table Address 

fl3 Page Table Length 

AM Page Size Mask 

as System Interval Timer 

at One Megahertz Counter 

AD Processor Identification 

All Monitor Process State Pointer 

AE Monitor Condition Register 

A3 User Condition Register 

AM Untranslatable Pointer 

AS Model Dependent Flags 

At Model Dependent Uord 

A7 Segment Table Length 

Aa Segment Table Address 

AT Base Constant 

CD P Register 

CI Environment Control 



Position in 


Position in 


Write 


an X Req. 


an Exchange 
Pkq -Cword/Bits 


Mode 


b3 


E/DD 


Unprivileg 


b3 


B/Dl 






Sb-b3 


3b/DD-D7 






ST-b3 


3b/ll-lS 






Ma-b3 


3/DD-lS* 


i 


bE-b3 


E/lM-15 


Local 


lb-b3 


3S/lb-b3 


Privileged 


lb-b3 


3b/lb-b3 






Ma-b3 


1/DD-lS 






3E-t,3 


T-,1D/DD-15 






t,D-b3 


7/DM-D7 






3E-b3 


11-,1E/DD-15 ^ 



Processor Global 

Privileged 
Processor J, 



Ma-b3 


M/DD- 


IS 


Mon 


itor 


3E-t,3 


Processor 






3E-b3 










St-b3 










S7-L3 










3E-b3 










DD-t.3 


H^ 


>k 


MD-b3 


Processor 


Non-Urita 


3E-t3 


4- 


by 


Ma-b3 


b/DD-lS 


processor 


Ma-t3 


S/DD-15 


"Copy" 


lt-b3 


3M/lb-b3 






Ma-b3 


lS/DD-15 






DD-b3 


33/DD-b3 






SE-b3 


Ib/DM-lS 






3E-b3 


3M-.3S/DD- 


15 , 




3E-b3 


13-,1M/DD- 


IS "^ 


DD-b3 


D/DD-b3 


Service 


** 


Processor 


Processor 




A 




only 





a. Copy to Xk per -CXjJ 
l3Djk 

This instruction shall copy the contents of the state register 
addressed by the contents of Register Xj into Register Xk- The 
address assignments and bit locations shall be those defined 
in Table E-b -1 The Xk Register shall be cleared before the 
state register is copied into it- 

This instruction shall be a non-privileged instruction- 
fa. Copy from Xk per -CXj} 
131 jk 

This instruction shall copy the contents of Register Xk into 
the state register addressed by the contents of Register Xj- 
The address assignments and bit locations shall be defined in 
Table B-b-i Several of the registers can not be written 
into by this instruction! as previously described in this sub- 
paragi .ph. 

Monitor and Privileged Mode - This instruction shall have its 

mode determined by the state register address contained in Register 

Xj as follows: 



Mode 



Unprivileged 

Local privileged n Test Mode 
Global privileged ^ Test Mode 

Monitor 

Non-writable by 
processor "Copy" 

Service Processor 
only 



State Register Number 



DD through IF 

ED through 3F 
MD through 7F 

aD through TF 
AD through BF 

CD through FF 



* Bits D through Db are permanently set- 
** Processor model dependent. 

Table E-b-l Register Definitions for 

Dl 



G3@BflK 



'Copy" instructions. 
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B.t-S-3.| Purge Buffer k of Entry per -CXjJ 
13fi jk 

Operation - The Purge Buffer instruction shall invalidate 
entries in the Map and Cache buffers. The purge may in- 
validate all entries in a buffern invalidate all entries 
in a buffer uhich derive from a given segmenti invalidate 
all entries in a buffer for a given pagei or invalidate 
all entries in a buffer for a given 515 byte block* Re- 
gister XJ shall contain the required address information! 
either System Virtual Address -CSV^A} or Process Virtual 
Address -CPVAJ. 

An SVA shall contain the Active Segment {ASII» in bits 
lb through 31 of Register Xj. A PVA shall contain the 
Segment number -CSEGJ in bits SD through 31 of Register Xj- 
Bits 3S through b3 shall contain the Byte Number -CBN} for 
either an SVA or a PVA- The rightmost T bits of the BN 
shall be ignored and assumed to be zeros since the smallest 
purgeable portion of a buffer shall be a 512 byte page or 
a 515 byte block of a larger page. Proportionately more 
rightmost bits of the BN shall be ignored and assumed to 
be zero as page size becomes larger than the 515 byte 
minimum. 



lb , 5D 

wnmr 



\ 



SEG 



AS ID 



Ji- 



55 



t>3 



BN 



BN 




The value of k shall determine the buffer to be purged n 
the range of entries to be purgedi and the type of addres- 
sing used to determine the range of entries to be purged. 
The definition of k follows. 

k=D-i Purge all entries in Cache which s^r^ included in the 

515 byte block defined by the SVA in Xj. 

k=ln Purge all entries in Cache which are included in the 

ASID defined by the SVA in Xj. 
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k=5-i Purge all entries in Cache. 



k=^3-» 



k 



Purge all entries in Cache which are included in 
the 515 byte block defined by the PVA in Xjo 
= H->7 n Purge all entries in Cache which are included in 
the SEG defined by the PVA in Xj. 



k=fii 



k-Ti 



Purge all entries in Map which b^t^ included in the 
page defined by the SVA in Xj. The size of the page 
involved shall be determined by the contents of the 
Page Size Mask Register. 

Purge all entries in Map which are included in the 
ASID defined by the SVA in X.i- 



k=A'>F n Purge all entries in Hap. 



For k = Di 1-1 "^n a -> F this instruction shall be a 
local privileged instruction. It shall be non-privileged 
for all other values of k. 

A serialization function shall be performed before this 
instruction begins execution and again when it completes 
execution. Execution of this instruction shall be delayed 
until all previous accesses to central memory^ on the part 
of this processorT are completed. Fetching or execution of 
subsequent instructions shall be delayed until all central 
m'emory accesses due to this instruction are completed- 



The implementation of 
model dependent in tha 
a Map and/or Cache buf 
than the required buff 
not have a Cache shall 
operation instruction 
by this instruction, 
not have a Map shall e 
operation instruction 
this instruction. The 
fications shall fully 
charactistics. 



this instruction shall be processor 
t some processor models may not have 
fer and they may invalidate more 
er entries- A processor which does 

execute this instruction as a no 
when cache purges are called for 
Likewisen a processor which does 
xecute this instruction as a no 
when map purges B^r^ called for by 
processor model dependent speci- 
define these model dependent 
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2-7 Program Monitoring 

2-7-1 Performance Monitoring 

Performance of the overall software/hardware system shall be 
monitored via the insertion of Keypoint instructions at "key" 
points in the software. Each Keypoint instruction shall be 
identified by its class and by its code within each class- Keypoint 
classes and keypoint codes shall be assigned such that system 
performance data shall be determined from the order and frequency 
of the occurrence of keypoint instructions of varioi's classes 
and codes. 

Two methods of gathering the keypoint data shall be provided. The 
first method shall be via software internal to the processor. The 
second method shall be via an external hardware device- See 
I paragraph 2.1D-3 of this specification. 

2-7-1-1 Keypoint Software Recording 

Software Recording of keypoint data shall be based on the occur- 
rence of a trap whenever the keypoint class number in the keypoint 
I instruction matches a mask bit in the keypoint trap mask register. 
The trap routine shall record the keypoint class numbern keypoint 
code and the time- Another routine shall subsequently analyze the 
data gathered by. the keypoint trap routine to produce the system 
performance data- 

2-7-1-2 Keypoint Hardware Recording 

Hardware recording of keypoint data may be accomplished via an 
external hardware device which shall record the keypoint events as 
they occur. Each time a keypoint instruction is executed the hard- 
ware keypoint recorder may record the keypoint class numbern key- 
point code and time. 

Hardware keypoint recording gives minimum interference to program 
execution since the keypoint event data can be recorded without 
a trap taking place. The CPU shall provide a signal to the key- 
point monitor device indicating that a keypoint instruction is 
being performed. The CPU shall also supply the keypoint monitor 
device with the keypoint class and keypoint code for the keypoint 
instruction being performed. 
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2.7.2 
2.7.2.1 



2.7.2.2 



Debug 

Debug List 

The format of a Debug List entry is: 



DD 1 oa l2D 


32 


.3 1 


- ////////A 


BN -CLOU} 


'///////////////////////. 


BN {HIGH> 


fi 1 12 1 12 


32 


1 



where DC is the Debug Code-i BN -CLOUJ is the byte number of the 
beginning of the contiguous field in memory to which the Debug 
Code applies-! BN -CHIGH} is the byte number of the last byte in 
the contiguous field in memory to which the Debug Code applies-i 
and SEG is the process segment number to which the Debug Code 
applies. 

Debug List entries shall be aligned on word boundaries. 

The Debug List shall not be longer than 32 entries -Cm words> 
in length. Entries beyond 32 shall be ignored. 

The matching of BN -CLOUJ and BN -CHIGH} shall be against the 
address of the leftmost byte of a piece of information onlyn 
whether it is a word-i halfwordn byte string-i or lb-bit instruction. 
The matching shall include the end points. That is: 

BN -CLOU} ^ Address ^ BN -CHIGH}. 

The first entry in the Debug List shall be at the PVA contained 
in the Debug List Pointer Register -Csee 2.5.2.23}. Position 
within the Debug List during a scan shall be kept track of by 
the Debug List Index Register -Csee 2.S.2.22}. 

Debug Code -CDC} 

The DC bit assignments are: 

Bit D: Data Readn first address of string - applies to all 

central memory accesses that are defined as read accesses 
for purposes of access protection. 
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Bit 1: Data UritQi first address of string-applies to all central 
memory accesses that are defined as write accesses in th& 
memory protection system- 
Bit 2: Instruction Fetch 

Applies to all central memory accesses that are defined 
as an execution access in the memory protection system. 
Note that the instruction fetch from memory will have 
already occurred- 

Bit 3: Branching instruction 

Applies to branch and return instructions which-, when 
executed will result in a branch exit to the next instruc- 
tion. The address bracket shall apply to the address 
of the instruction branched to- 
Bit M: Call instruction 

Applies to the occurrence of either Call instruction 
Cinstruction reference number 115 or llfei>. The address 
bracket shall apply to the address of the called procedure. 

Bit S: End of list 

Denotes that this is the last entry in the Debug List 

More than one bit may be set in a DC entry. The End of 
List DC -Cbit 5} shall be interpreted after all other bits 
in the same DC have been interpreted and acted upon. 

Debug Operation 

The Debug List shall be scanned after instruction fetch but 
prior to instruction execution! provided traps are enabledn the 
Debug Mask bit in the User Mask Register is setn one or more bits 
in the Debug Mask Register are applicable to the instruction to 
be executed*! and the End of List Seen Flag in the Debug Index 
Register is clear. 

When the Debug Scan in Progress flag is clear-i the Debug List 
shall be scanned by reading the first word from the Debug List 
in central memory at the PVA specified by the contents of the 
Debug List Pointer Register. After the first word of the Debug 
List has been readn the Debug Scan in Progress flag in the Debug 
Index Register shall be set and each successive word from the 
Debug List shall be read by incrementing the b-bit word-index 
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field contained in the Debug Index Register by onen and referencing 
the Debug List at the PVA specified by^ the initial contents of 
the Debug List Pointer Registern modified in its rightmost JiP-bit 
positions by the addition of the zero-extendedi righmost b-bits 
of the Debug Index Register- 

The Debug Index Registern contained in bit positions DD through 
D7 of word 3b in the Exchange Packagen shall be formatted as 
follows: 



DD Dl I DS 



D7 



J- Dg 



' — b-bit word-index 
ebug Scan in Progress flag 
- End of List Seen flag 



Uhen one or more bits contained in the Debug MaskRegister are set 
and are equal to one or more of the corresponding leftmost 5 bits 
of the Debug Code contained in the first word of a doubleword 
entry in the Debug List-i and one or more of the approqriate PVAs 
associated with the instruction's execution are contained within 
the address brackQt dgfined by the corresponding double word 
entry from the Debug Listi the Debug bit in the User Condition 
Register shall be seti the execution of the instruction shall be 
inhibited and a trap interrupt shall occur. Moreover! when the 
End of List bit in Debug Code is set or the 32nd double word 
entry from Debug List has been scanned-i the End of List Seen Flag 
contained in the Debug Index Register shall be set. 

The second word of the double word Debug List entry which causes 
a trap interrupt shall be identifiable by the value of the right- 
most L-bits of the Debug Index Register and the PVA contained in 
the Debug List Pointer Register. 

The Debug Index Register shall also provide the means for properly 
initiating! resuming and terminating Debug Scan operations! {part- 
icularly when an instruction's execution has been inhibited by 
one or more program interrupts occurring on the one or more im- 
mediately preceding fetches of the associated instruction!. Thusn 
the clearing of the Debug Index Register shall dccurn conceptually! 
at the completion of each instruction's execution for which a 
Debug Scan has immediately preceded that execution. 

For the purpose of establishing central memory access validation! 

each central memory access performed for the pur- 
pose of reading a word from the Debug List as a 
part of a Debug Scan operation! shall be a read 
type access. 
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2.fl Interrupts 

There shall be two classes of interrupts- One class shall be 
called an Exchange Interrupt. The other class shall be called 
a Trap Interrupt- 

Exchange interrupts shall normally originate from bits in the 
Monitor Condition Register and shall cause an exchange operation 
from Job node to Monitor Mode to occur- The Monitor Mask Register 
shall enable selected conditions in the Monitor Condition Register 
to generate an exchange interrupt- 

Trap interrupts shall normally originate from bits in the User 
Condition Register and shall cause a trap operation to occur- 
The User Mask Register shall enable selected conditions in the 
User Condition Register to generate a trap interrupt. 

2-6-1 Monitor Condition Register 

The Monitor Condition Register shall contain lb bits- Each biti 
when seti shall indicate that a particular condition has occurred 
in the processor or that the processor has been informed of an 
event which occurred external to itself- 

Uhen a bit in the Monitor Condition Register is set and the 
processor is in Job Modei an Exchange interrupt shall occur 
if the associated bit in the Monitor Mask Register is set- 

When a bit in the Monitor Condition Register is set and the 
processor is in Monitor Modei a Trap Interrupt shall occur if 
the associated bit in the Monitor Mask Register is seti the 
Trap Enable Flip-Flop is setn and Trap Enable Delay is clear. 



Table 2-fi-l shall define the bit number assignments for the Monitor 
Condition Register and the action to be taken ^or each bit under 
various circumstances- 







_ . 


Action tak 


en when 


Monitor 
Condition 






Condition, 


occurs 




Job Model 


Monitor 


Mode 


or Mask 








Bit 




Mask Bit 


Trap 


Trap 


Number 


Monitor Condition Name 


Set 


Enabled * 


l>isabled 


00 


Processor Malfunction 


Exchange 


Trap 


Halt 


01 


Memory Malfunction 


Exchange 


Trap 


Halt 


02 


Real Address Out of Range 


Exchange 


Trap 


Halt 


03 


Instruction Specification Error 


Exchange 


Trap 


Halt 


OM 


Address Specification Error 


Exchange 


Trap 


Halt 


OS 


Invalid Segment 


Exchange 


Trap 


Halt 


Ot 


Access Violation 


Exchange 


Trap 


Halt 


07 


Environment Specification Error 


Exchange 


Trap 


Halt 


Ofi 


External Interrupt 


Exchange 


Trap 


Stack 


OT 


Page Table Search Uithout Find 


Exchange 


Trap 


Halt 


10 


System Call 


Exchange 


Trap 


Stack 


11 


System Interval Timer 


Exchange 


Trap 


Stack 


15 


Ring Number Zero 


Exchange 


Trap 


Halt 


13 


Outward Call/Inuard Return 


Exchange 


Trap 


Halt 


m 


Software Error Log 


Exchange 


Trap 


Stack 


IS 


'Trap Exception 


Exchange 


Trap 


Halt 



Halt - Stop processor. SP can intervene and restart processor. 
Stack - Test for opportunity to Trap or Exchange-i each instruction fetch 
Job Mode-i Mask Bit Clear - Same as Monitor Mode-i Trap Disabled 
« Trap Enabled - See S.fl-l for the definition of "Trap Enabled" 

Table 2.6-1 

Monitor Condition Register and Mask Register Bit Definitions 



A Monitor Condition Register bit once setn shall remain set until 
cleared by a master clearn by a "Branch and alter Condition Reg- . 
ister" instruction {reference number 134>n provided the instruction 
has specified that the bit shall be clearedi or by alteration when 
the Condition Register is held in an Exchange Package in central 
memory- 
Each bit in the Monitor Condition Register is defined in the 
sections which follow- 
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S.fi-1.1 I Processor Malfunction 

The processor malfunction bit in the Monitor Condition Register! 
if seti shall indicate that a condition has been detected in the 
processor which is not indicated by other Condition Register bits- 
These conditions shall include the following: 

a. Power failure imminent 

b. Excessive temperature 
c- Other processor model dependent conditions =as specified 

in the processor model dependent specification. 

The PVA which shall be stored when a Processor Malfunction inter- 
rupt occurs shall point to the instruction whose execution was 
not completed because of the Processor Malfunction- 

S-fl-l-E I Memory Malfunction 

The memory malfunction bit in the Monitor Condition Register! if 
setn shall indicate that a condition has been detected in a central 
memory unit which is used by this processor but is not indicated 
by other Condition Register bits- These conditions shall include 
the following conditions- 

a- Address-! data transmission! or function parity errors on 
central memory accesses from this processor. 

b. Non-correctable central memory data parity errors on 
central memory accesses from this processor. 

c Power failure imminent in central memory 

d. Excessive temperature in central memory 

The PVA which shall be stored when a Memory Malfunction interrupt 
occurs shall point to the instruction whose execution was not com- 
pleted due to the Memory Malfunction. 

E.fi.1.3 I Real Address Out of Range 

The real address out of range bit in the Monitor Condition Reg- 
ister! if set! shall indicate that the real address used for 
central memory access by this processor is for a central memory 
address which is not physically accessable by the processor. See 
3.1.3. 



Ml 



The PVA which shall be stored when a Real Address Out of Range 
interrupt occurs shall point to the instruction which made the 
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S.fi.l.M 



central memory access to the address which is out of range. 

Instruction Specification Error 

The instruction specification error bit in the Monitor Condition 
Register! if set! shall indicate that one of the following errors 
has occurred. 



f. 



Length Specificati 
and subparagraphs 
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Type Specification 
as well as all typ 
as valid! for the 
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than those defined 
described in subpa 
Instruction Specif 
culate Subscript i 
Execution of a Pro 
subparagraph E.L.l 
Execution of a Mon 
is not in Monitor 



on errors as described in paragraph S.S-T 
S.E.1.3^ S.3. B.3! and E.3.M.S and 

errors as described in paragraph £.3-3 
e combinations! other than those defined 
instructions described in each subpara- 
s B.3. 4 through B.3. 7. 
rrors resulting from combinations! other 

as validi for each of the instructions 
ragraphs B.3.S.1 through B.3.S.M- 
ication errors as described for the Cal- 
nstruction in subparagraph 3.3.S.S. 
gram Error instruction as described in 
.1. 

itor Mode operation when the processor 
mode. See B.t. ^ and E.t-S. 



The PVA which shall be stored when an Instruction Specification 
Error interrupt occurs shall point to the instruction with the 
faulty specification. 

B.fi-l.S 1 Address Specification Error 

The address specification error bit in the Monitor Condition Reg- 
ister! if set! shall indicate that an attempt was made to use an 
improper address. Improper addresses shall include: 

a. The address modulus defined for specified instructions or 
specified registers is not met. See E-t-LB through B.b.1.5. 

b. Other address bit-Cs> defined as 2ero-Cs> for specified in- 
structions or specified registers are not 2ero-Cs>. See 
3-E.I.3- 

The PVA which shall be stored shall point to the instruction which 
j made the central memory access that caused the Address Specifica- 
tion interrupt to occur. 

B.fl.l-b ; Invalid Segment 

The invalid segment bit in the Monitor Condition Register! if set! 
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shall indicate that a PVA could not be translated into a real 
memory address for one of the following reasons. 



Segment table length exceeded. See 3.3- 

Invalid segment descriptor element- See 3.3.1-1. 



The PVA which shall be stored when an environment error interrupt 
occurs shall point to the instruction which caused environment 
specification error or to the instruction which would have been 
executed had the trap interrupt! associated with the environment 
specification errorn not occurred. 



The PVA which shall be stored for an Invalid Segment interrupt 
shall point to the instruction which attempted the central memory 
access which resulted in the Invalid Segment Condition. 

Access Violation 

The access violation bit in the Monitor Condition i^egisteri if setn 
shall indicate that the requested memory access was blocked be- 
cause it did not have the required access permission. Access 
violations shall be detected for the following central memory 
access situations. See section 3.b of this specification for 
details. 

a. Read central memory when read access is not granted or 
read is not within read ring limits. 

Urite central memory when write access is not granted or 
write is not within write ring limits- 

Attempt to execute when execute access is not granted or 
execute is not within execute ring limits. 
Call via a coda base pointer which is not in a binding 
section segment. See S.b.l.S. 

Call from a process beyond the call ring limit. See E-tj-l.S. 
Key/lock violations. See section 3.ti.3.E for the definition 
of key/lock violations. 



b. 



e. 
f. 



The PVA which shall be stored when an Access Violation interrupt 
occurs shall point to the instruction which made the central 
memory access which attempted to violate the access protection 
mechanism. 

S-fl.l-fl I Environment Specification Error 

The environment specification error bit in the Condition Registern 
if setn shall indicate that an error was detected in the en- 
vironment during a trap operation! a Return instruction-! or a 
Pop instruction. Environmental specification errors shall be 
detected for the following reasons. 

a. The Code Base Pointer's External Procedure bit is not set 
for a trap operation. See E.fi-b- 

The new DSP pointer is not equal to the old PSA pointer for 
a Return or Pop instruction. See E.b-l.M and 
S-b.1-5. 



S.fl.l.T I External Interrupt 

The external interrupt bit in the Monitor Condition Register if 
setn shall indicate the presence of an interrupt from another 
processor. -CThe recipient processor may read a message in central 
memory to determine who the calling processor is and the purpose 
of the external interrupt. > 

The PVA which shall be stored when an External Interrupt occurs 
shall point to the instruction which would have been executed if 
the interrupt had not occurred. 

E.fi.l-ID j Page Table Search Uithout Find 

The page table search without find bit in the Monitor Condition 
Register! if seti shall indicate that the requested page table 
entry was not found during the linear search of the page table 
which begins at the "hashed" entry address and ends a maximum 
of 3E entries later- Thusn the system virtual address could not 
be mapped into a real memory address. See 3.S.E. 

The PVA which shall be stored for a Page Table Search Uithout Find 
interrupt shall point to the instruction which attempted the cen- 
tral memory access which resulted in the Page Table Search Uithout 
Find condition. 

E.a-1.11 I System Call 

The system call bit in the Monitor Condition Register! if set! 
shall indicate that a process has executed an Exchange instruction 
■[reference number 1ED> which caused an exchange interrupt from 
job process state to monitor process state. This bit shall not 
be set by an Exchange instruction going from monitor process state 
to job process state. See E-b-l-b- 

The PVA which shall be stored for a system call interrupt shall 
point to the instruction which would have been executed if the 
interrupt had not occurred- 
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E-fi-1-lE I System Interval Timer 

The system interval timer bit in the Monitor Condition Register-, 
if set-i shall indicate that the System Interval Timer has 
decremented to a count equal to zero- See 2-5-3-3. 

The PVA which shall be stored when a System Interval Timer in- 
terrupt occurs shall point to the instruction which would have 
been executed if the interrupt had not occurred. 

E-fi-1-13 I Ring Number Zero 

The ring number zero bit in the Monitor Condition Registern if 
set-, shall indicate that the ring number of a PVA is equal to 
zero. A ring number equal to zero shall mean that the pointer 
has not been linked. 

The PVA stored when a Ring Number Zero interrupt occurs for a 
Call instruction shall point to the call instruction which attempt- 
ed the central memory access which resulted in the Ring Number 
Zero condition. See B.b.l-S. 

The PVA stored when a Ring Number Zero interrupt occurs for a 
"Load A" instruction shall point to the next instruction which would 
have been executed if the interrupt had not occurred. See E.E.I. b 
and E.E.I. 7. 

E.fl-l-m [ Outward Call/Inward Return 



The outward cal 
ister-i if setn 
return has been 
shall have been 
call to a proce 
number of the p 
inward return s 
attempts a retu 
the ring number 
struction- See 



1/inward return bit in the Monitor Condition Reg- 
shall indicate that an outward call or an inward 

attempted by the processor. An outward call 

attempted if the call instruction attempts a 
dure with a ring number larger than the ring 
rocedure which contains the call instruction- An 
hall have been attempted if the return instruction 
rn to a procedure with a ring number smaller than 

of the procedure which contains the return in- 

E.b-l.S and E.b.m. 



The PVA stored when an Outward Call/Inward Return interrupt occurs 
shall point to the instruction which attempted the' outward call or 
inward return- 
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E-fl-1-lS I Software Error Log 



The software error log bit in the Monitor Condition Register-, if 

set-, shall indicate the need for software to log the occurrence 

of errors which the hardware has detected and corrected- These 
error conditions shall include: 

a- The central memory corrected error register-Cs> is full- 
This error register-Cs> logs corrected errors in central 
memory for the port-Cs> used by this processor- 

b. Other processor model dependent errors shall be specified 
in the appropriate processor model dependent specification. 

The PVA which shall be stored when a Software Error Log interrupt 
occurs shall point to the instruction which would have been ex- 
ecuted if the interrupt had not occurred. 



E.fi.l.lb j Trap Exception 



E.fi.E 



E.a.3 



The trap exception bit in the Monitor Condition Register-, if set-, 
shall indicate that a fault was detected during the trap interrupt 
operation. The fault detected shall be indicated by setting the 
appropriate bit in the Monitor Condition Register. Thus at least 
one other Monitor Condition Register bit shall be set whenever 
the trap exception bit is set. 

The PVA which shall be stored when a trap exception interrupt 
occurs shall be the PVA of the instruction which would have been 
executed had the trap interrupt-, associated with the trap ex- 
ception-, not occurred. 

Monitor Mask Register 

The Monitor Mask Register shall be used by the system to enable 
an exchange interrupt to occur when the processor is in job mode 
and a bit in the Monitor Condition Register is set- There shall 
be an individual bit in the Monitor Mask Register for each bit 
in the Monitor Condition Register. 

Table E.fl-1 defines the Monitor Mask Register bit numbers as well 
as the action that shall take place for each bit in the Monitor 
Condition Register under various circumstances. 

User Condition Register 

The User Condition Register shall contain It bits- Each bit-, 
when set-, shall indicate that a particular condition has occurred 
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in the processor. Uhen a bit in the User Condition Register setsi 
a trap interrupt shall occur if the trap interrupt is enabled. 
Enablement of a trap interrupt shall include - the Trap Enable 
flip flop is setn the Trap Enable Delay flip flop is not setn 
and the User Mask Register bit which corresponds to the User 
Condition Register bit is set- 

Table 2.6-2 shall define the bit number assignments for the User 
Condition Register and the action to be taken by each bit in 
various environments- 

A User Condition Register bit once seti shall remain set until 
cleared by a master cleari by a "Branch and alter Condition 
Register" instruction {reference number 13M>n when the instruction 
has specified that the bit shall be clearedn or by alteration 
when the Condition Register is held in an Exchange Package in 
central memory. 

Each bit in the User Condition Register is defined in the sections 
which follow- 

2-fi.3.1 I Privileged Instruction Fault 

The privileged instruction fault bit in the User Condition Reg- 
ister! if seti shall indicate that one of the following faults 
has occurred. 

a. An attempt was made to execute a local privileged instruction 
in other than local privileged executable mode or in global 
privileged executable mode. See 2.t3.2. 

b- An attempt was made to execute a global privileged instruc- 
tion in other than global privileged executable mode. See 
2.t,.3. 

iThe PVA which shall be stored shall point to the instruction which 
caused the Privileged Instruction Fault interrupt to occur. 

2.fi.3-2 ] Unimplemented Instruction 

i The unimplemented instruction bit in the User Condition Registern 
if seti shall indicate that an instruction operation code which 
is not implemented in a particular processor model has attempted 
execution in that processor model. The implementation of this 
bit is processor model dependent and shall be fully specified 
in the appropriate processor model dependent specifications. 

The PVA which shall be stored shall point to the Unimplemented 
ch caused the interrupt to occur. 



2.fl.3.3 Free Flag 



The free flag bit in the User Condition Registern if setn shall 
indicate that this process shall take immediate note of a sit- 
uation which occurred when this process was not in active exe- 
cution- 

A process' free flag shall normally be set in the process' ex- 
change package when the exchange package is in central memory. 
In this wayn a system process shall gain the object process' 
immediate attention the next time the object process begins 
active execution- 

The PVA which shall be stored shall point to the instruction 
which would have been executed if the Free Flag interrupt had 
not occurred. 
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Privileged Instruction Fault 


Trap 
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Halt 
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Unimplemented Instruction 


Trap 


Exchange 


Halt 


02* 


FrBG Flag 


Trap 


Stack 


Stack 


03» 


Process Interval Timer 


Trap 


Stack 


Stack 


OH* 


Inter-ring Pop 


Trap 


Exchange 


Halt 


OS* 


Critical Frame Flag 


Trap 


Exchange 


Halt 


Ob* 


Keypoint 


Trap 


Stack 


Stack 


07 


Divide Fault 


Trap 


Stack 


Stack 


05 


Debug 


Trap 


N/A 


N/A 


Dl . 


V Arithemtic Overflow 


Trap 


Stack 


Stack 


10 


Exponent Overflow 


Trap 


Stack 


Stack 


11 


Exponent Underflow 


Trap 


Stack 


Stack 


IE 


F. P. Loss of Significance 


Trap 


Stack 


Stack 


13 


F. P. Indefinite 


Trap 


Stack 


Stack 


m 


^ Decimal Loss of Significance 


Trap 


Stack 


Stack 


15 


" Invalid BDP Data 


Trap 


Stack 


Stack 



Misiliif 



Mil 



*nask bit is permanently set 

Halt - Stop Processor. SP can intervene and restart processor.. 
Stack - Test for opportunity to Trap or Exchange-i each instruction fetch. 
N/A - Not Applicable. Debug condition cannot occur when Traps are disabled. 
•CHowever-i once Debug Trap occurs-i condition bit should be reset by 
software prior to re-enabling Trap>. 
»« See 2.fi.3 for the definition of "Trap Enabled" 
Table S.fi-2 

pinnUser Condition Register and nask Register Bit Definitions 
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E-fl-3.M I Process Interval Timer 

The process interval timer bit in the User Condition Registern 
if seti shall indicate that the process interval timer has 
decremented to zero- See 2-5.3.2- 

The PVA which shall be stored shall point to the instruction 
which would have executed if the Process Interval Timer inter- 
rupt had not occurred- 

E-fl.3.S I Inter-ring Pop 

The inter-ring pop bit in the User Condition Registern if setn 
shall indicate that an attempt was made to "pop" a stack frame 
in one ring with a Pop instruction -[reference number llfl> ex- 
ecuting in a different ring. See E-t-l-S. 

The PVA which shall be stored shall point to the Pop instruction 
which attempted the inter-ring pop. 

E-fi-3.ti i Critical Frame Flag 

The critical frame flag bit in the User Condition Registern 
if setn shall indicate that an attempt was made to "pop"n or 
"return" fromn a critical stack frame. See B.t.l.M and E.b.l.S. 

The PVA which shall be stored shall point to the Return instruc- 
tion or the Pop instruction which attempted to "popn" or "return'' 
fromn a critical stack frame. 



I 



E-fi.3.7 I Keypoint 



The keypoint bit in the User Condition Registern if setn shall 
indicate that a selected keypoint instruction has been executed. 
See section E.7 and subparagraph E-b-1.7. 

The PVA which shall be stored shall point to the next instruction 
which would have been executed if the keypoint interrupt had not 
occurred. 
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E.fi.3-fi Divide Fault 

For the definition of this conditionn see the instruction des- 
criptions in subparagraphs E-E-E•^n 2m2»2»^ and E-3-3-1- 

The PVA which shall be stored shall point to the instruction 
in which the divide fault occurred- 



E.fi.3.T I Debug 



For the definition of this conditionn see the debug description 
in section E.7.E. 

The PVA which shall be stored shall point to the instruction 
which caused the Debug interrupt to occur. -CFor the purposes 
of this definition an instruction fetch shall be considered 
part of the execution of that instruction and a branch taken 
shall be considered part of the execution of the branch in- 
struction.} 



E.fl.3.lDj Arithmetic Overflow 



For the definition of this conditipnn see the instruction des- 
criptions in subparagraphs E. E.E.I 
through B'E'E-'^l-^ E.3.3.3 and E.^.E.E. 

The PVA which shall be stored shall point to the instruction 
which would have been executed if the Arithmetic Overflow trap 
interrupt had not occurred. 



B.fl.3.11 I Exponent Overflow 



For the definition of this conditionn see the descriptions in 
subparagraph E.M.I. 3 and E-M-Lbn item a. 

The PVA which shall be stored shall point to the instruction 
which would have been executed if the Exponent Overflow trap 
interrupt had not occurred. 



E.a.3.1E I Exponent Underflow 



For the definition of this conditionn see the descriptions in 
subparagraphs S.M.1.3 and E-M-l.bn item a- 
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The PVA which shall be stored shall point to the instruction 
which would have been executed if the Exponent Underflow trap 
interrupt had not occurred- 

2.fi.3.13 Floating Point Loss of Significance 

For the definition of this condition see subparagraph 2. M-l-bn 
5.M-3.1 and S-M.3.3. 

The PVA which shall be stored shall point to the instruction 
which would have been executed if the Floating Point Loss of 
Significance trap interrupt had not occurred- 

2.fl.3.m Floating Point Indefinite 

For the definition of this condition see subparagraphs 2-M.3i-3 
and 2- M-l-tsT item b- 

The PVA which shall be stored shall point to the instruction 
which would have been executed if the Floating Point Indefinite 
trap interrupt had not occurred- 

2. a. 3. IS Decimal Loss of Significance 

For the definition of this condition see paragraph 2.3.3- 

The PVA which shall be stored shall point to the instruction 
which would have been executed if the Decimal Loss of Signi- 
ficance trap interrupt had not occurred. 

2.fi.3.1bl Invalid BDP Data 

For the definition of this condition see paragraph 2.3.3 and 
subparagraph 2.3.3.3- 

The PVA which shall be stored shall point to the instruction 
I which would have been executed if the Invalid BDP Data 
trap interrupt had not occurred. 

2.fl.4 User Mask Register 

The User Mask Register shall be used by the user processes to 
permit a trap interrupt to occur when a bit in the User Condition 
Register is setn provided the corresponding bit in the User Mask 
Register is set-, the Trap Enable Delay Flip-flop is clear-, and 
the Trap Enable Flip-flop is set. There shall be an individual 
bit in the User Mask Register for each bit in the User Condition 
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Table 2.fi-2 defines the User Mask Register bit numbers and also 
defines the action that shall take place for each bit in the 
User Condition Register under various circumstances. Bits DD 
through Dt. of the User Mask Register shall be unconditionally 
interpreted as equal to ones. 

2-a-S I Exchange Interrupt Operation 

( Exchange interrupts shall be that class of interrupts which cause 
a change from a Job Process state to the Monitor Process state. 

The Monitor Process state shall contain a small program which con- 
tains only the most basic operations necessary to recognize and 
provide for subsequent action on exchange interrupt conditions. 
The hardware shall disable further exchange interrupts while the 
processor is in the monitor process state. Exchange interrupts 
shall be caused by those bits in the condition Registers which are 
identified as exchange interrupt conditions in Tables 2-fl-l and 
2.fi-2. 

The exchange package -Csee Figure 2-S-2> shall be contained m 
central memory at separate locations for each process- The exchange 
package shall be used to establish the environment for each process 
when the process is activated- An exchange operation shall de- 
activate one process and activate a second process- 

The exchange operation shall consist of moving the environment for 
the current process state into its central memory locations and 
establishing the environment for the next process state by moving 
it from its central memory locations- 

The number of items in the exchange package held in registers when 
a state is active shall be processor model dependent and shall be 
fully specified in the processor model dependent specif ications- 

The PVA stored in the P Register portion of the Exchange Package-, 
for each condition that can cause an exchange interrupt* is defined 
in each Condition Register bit definition -Csee S-fl.i and 
E.fl-3>. The same definition for the PVA stored shall apply when an 
exchange interrupt is forced to become a trap interrupt-, except 
that the PVA shall be stored in the Current Stack Frame Save Area 
instead. 
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2-fl-S-l Job Process to Monitor Process Exchange 

The hardware shall perform the following steps when doing a Job 
Process to Monitor Process exchange- 

a- Store the current job process state exchange package in 
central memory beginning at the address contained in the 
job process state pointer register- 
b- Disable Exchange interruptso 

c- Load the monitor process state exchange package from central 
memoryn beginning at the address contained in the monitor 
state pointer register-, into the processor ei. 'ironment reg- 
isters- 
Exchange interrupt conditions which occur in the monitor process 
state while traps are enabled shall be trapped- 



Exchange interrupt con 
state while traps are 
enabled-, in which case 
exchange has been made 
an exchange interrupt 
continued processor ex 
information-, the proce 
appropriate action sue 
the processor from the 



ditions which occur in the monitor process 

disabled shall be held until traps are 

-. a trap shall be takenn or held until an 

back to a job process staten in which case 
shall be taken- For those cases in which 
ecution is impossible or likely to destroy 
ssor shall halt. The SP may then take 
h as terminating the job and/or removing 

system- 



See Tables S-fl-1 and E-fi-E for the definition of how the conditions 
are handled under various circumstances- 

E-a.5-E Monitor Process to Job Process Exchange 

The hardware shall perform the following steps when performing 
a monitor process to job process exchange-. -CSee E-t.l.t}. 

a. Store the monitor process state exchange package in central 
memory beginning at the address contained in the monitor 
process state pointer register- 
b- Enable exchange interrupts 

c- Load the job process state exchange package into the processor 
environment registers from central memory beginning at the 
address contained in the job process state pointer register- 
Notes.: The monitor process shall establish the next job process 
for execution by loading the job process state pointer register with 
the central memory location of the next job's exchange package- 
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E.fl.S.3 External Interrupt 



External interrupts are inter-processor interrupts which shall 
cause an interrupt to occur in the processor which receives such 
a signal. The purpose of the external interrupt shall be to 
permit efficient inter-processor communication- 
Messages shall be passed between processors via central memory 
Refer to the IPLOS CDS" for details. 

External interrupts shall be generated by the "Interrupt Processor 
per j and -CXk> Right" instruction -[Reference number 1SS>. See 
E.b-3.1. 
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2-fi-t Trap Interrupt Operation 

Trap Interrupts shall be accomplished by simulating a Call 
instruction to an external procedure. 

A Trap Frame shall be established in the manner described in 
subparagraph E.S.M-1 of this specification. This Trap Frame 
shall be used to store the "environment" of the "trapped" pro- 
cedure. 

Code Base and Binding Section Pointers shall be o'ltained by using 
the PVA contained in the Trap Pointer Register in place of the 
"■CAi> plus fl*I>" as utilized by the explicit Call instructionn 
{described in subparagraph S.t.l.E of this specification]-! which 
the Trap Interrupt shall simulate- 
All exception conditions which result from the simulation of the 
Call instruction! shall result in an Exchange Interrupt. Such 
exceptional conditions shall set the "Trap Exception" bit in 
the Condition Register- 

The Call instruction shall be simulated by means of the sequence 
described in E-b-l-E with steps i and k omitted and step b accom- 
plished as follows: The Dynamic Space Pointer initially contained 
in Register AD-. shall be increased by BtI^ -Cdecimal3- and the re- 
sult shall be stored into the process' Exchange Package as the 
Top of Stack pointer corresponding to the ring of execution of 
the "trapped" procedure- 

Unless the Code Base Pointer's External Procedure bit is equal 
to a onen an Environment Specification Error shall be detectedi 
the Trap Interrupt shall be inhibitiedn and an Exchange Interrupt 
or a processor halt shall occur. -CSee Table E.fi-1}- 

The trap operation shall be disabled by hardware immediately upon 
the occurence of a trap- The trap operation may be re-enabled by 
software after the condition causing the trap has been sensed and 
cleared. See paragraph E-S-E-ED. 

All bits in the Condition Registers which are identified as trap 
interrupts shall cause a trap interrupt when seti under the 
circumstances described in Tables E.fi-1 and 2»&-2' 
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E-a-7 



User processes shall have control over whether a user condition 
will cause a trapn via the User Mask Register- Bits in the 
User Mask Register when set shall permit corresponding User 
Condition bits to trap- Several of the User Mask Register bits 
shall be permanently set and are specified in section E-fi-M- 

Trap Conditions which occur when traps are not 

enabled shall in some cases become exchange interrupts- -CAlson 
when the processor is in Monitor moden the processor shall 
halt.} Table' Em&^B defines how each User Condition bit is 
handled for these circumstances- 

The PVA stored in the P Register portion of the Current Stack 
Frame save area-i for each condition that can cause a trap 
interrupt-, is defined in each Condition Register bit definition 
in paragraphs E-fi-1 and E.fi.3. 

Multiple Interrupts 

Uhen more than one bit is set in the Condition Registers {Monitor 
and User} the following priority shall be observed: 

a. Exchange interrupts shall be serviced before trap interrupts- 

b- Within either type of interruptn the priority listed in 
Table E-fi-3 shall be observed. 

Priority group 3 in Table E-fi-3 specifies the priority which 
shall be used in testing for conditions within this group- The 
first condition found within this group shall cause testing 
for lower priority conditions to terminate- 
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a.T Buffers 



Priority Group 


Condition Register Bit 


Group Characteristics 


1- 


Processor Malfunction 

nemory Malfunction 

Real Address Out of Range 


Mid-execution faults 


Ea. 


System Interval Timer 


Between Commandsi 




Softuare Error Log 


Not Instruction 




External Interrupt 


Generated 




Free Flag 






Process Interval Timer 




Eb. 


System Call 


Between Commandsn 




Keypoint 


Instruction Generated 




Arithmetic Overflow 






Exponent Overflow 






Exponent Underflow 






F.P. Loss of Significance 






F.P- Indefinite 






Decimal Loss of Significance 






Invalid BDP Data 




3. 


Instruction Specification Error 


Instruction Generated! 




Address Specification Error 


Pre-tested before 




Invalid Segment 


execution. 




Access Violation 






Environment Specification Error 






Page Table Search without Find 






Ring Number Zero 






Outward Call/Inward Return 






Trap Exception 






Privileged Instruction Fault 






Unimplemented Instruction 






Inter-ring Pop 






Critical Frame Flag 






Divide Fault 






Debug 





Two buffers to increase processor performance may be included in 
the processor- These buffers are described in the following 
sections. The existence-, sizei performancen and organization of 
these buffers shall be processor model dependent- 



E.T.l Map Buffer 



The Map Buffer shall be a high speed memory used to eliminate 
repeated references to the segment tables and the page table. 

Map size-, operation and entry replacement algorithm shall be 
processor model dependent- 



E.T-2 Cache Buffer 



E.IQ 



The Cache Buffer shall be a high speed memory which shall be used 
to reduce the access time to central memory for words which are 
used more than once. 

Cache size-, operation-, and entry replacement algorithm shall be 
processor model dependent- 



Interfaces 



Table E-fi-3 Condition Registers i Bit Groupings 

"CHighest priority at top of Group 3t lowest" priority at bottom of 
Group 3-1 except where otherwise specified by individual instruction 
descriptions} 
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E-lD-1 Central Memory 

The processor central memory interface shall be compatible with the 
central memory interface specified in 4-1-3 & M-E of this speci- 
fication- Compatible shall mean that all signals and operations 
shall be provided as specified in 4-1-3 & 4-E except that trans- 
mitted, signals become received signals and vice versa- 

E-lD-1-1 Processor Central Memory Port Selection 

Each processor shall provide the means for accommodating two ports 
to central memory as previously described in paragraph 1-3-3 of this 
specif ication- 

a- Uhen these two ports are connected to independent memoriesn 
as illustrated in Figure 1-3-3 of this specif icationn the 
processor central memory port used for any given central 

ess shall be determined by the state of bit Di of 
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the Real Memory Addressi -CSee 3.1-3>i as used for the cen- 
tral memory access- If the bit is setn port 1 shall be 
used- If the bit is clear-i port D shall be used. 

Note: When used in this manner-i bit Dl of the Real Memory 
address -CRMAJ shall not be transmitted to central memory- 



Uhen only a single port is present-i as well as when two 
ports are connected to the same memory according to the 
illustration in Figure 1-3-1 of this specif ication-i a 
"switch" shall select the port to be active at any given 
point in time- Moreover-i the RMA shall be neither trans- 
lated nor modified in the manner described in item a- of 
this subparagraph- 

Note: At a minimum-i the state of this "switch" shall be 
controlled by the service processor-i -CSP}- 
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E.IQ-E Service Processor 



The Service Processor -CSP> interface shall carry the fundamental 
signals which are necessary for control-i maintenance-! and initial- 
ization of the processor- The SP Interface shall be identidal for 
upper IPL Processors PS-i P3 and PM- 

For redundancy-i each processor shall contain two Service Processor 
Interfaces-! a primary and a backup- A'^switcH^ shall select one and 
only one of the interfaces to be active at any given point in time- 



The following capabilities- shall be included: 

Master Clear 
Start -[Processor} 
Halt -[Processor} 
Read Registers 
Idrite Registers 
Write Control Memory 
Read Control Memory 
Clear Selected Error 
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Additional information to be supplied at a later date- 
Performance Monitoring 

The performance monitoring interface shall provide the following 
information with respect to keypoint -[See S.ti-1-7 and E.7-l-S>: 

Keypoint Code Number ^ bits 
Keypoint Code 3S bits 

Keypoint Data Ready 1 bit 

In addition to providing keypoint data-, the objectives for the 
performance monitoring facilities are as follows: 

a. A single external device for the, acquisition of performance 
monitoring data- 
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A single softuare system for the analysis of performance 
monitoring data thus acquired- 

A single interface to both IPL Hardware and IPL Software- 
Hardware/Firmware implementation! 
Two 3H-bit Counters 

All events independently selectable into each counter 
Exchange Package bits to enable counting 
6-bit op-code and fi-bit op-code mask 



e - nodel- 

Number 
Number 
Number 
Number 
Number 
Nmmber 
Number 
Number 
Number 
Number 
Time - 
Number 
Number 
Number 



independent events <with the exception of Phase I IPL>: 

of central memory references 

of exchange jumps 

of page faults 

of external interrupts 

of flap misses 

of Segment Table references 

of Page Table references 

of executions of a masked op-code 

of BPP result fields less than T bytes 

of BI>P result fields greater than fl bytes 

1 N hertz Free-running counter 

of Instruction issues. 

of central memory operand read references 

of central memory operand write references 



Model-dependent events: 

Number of Branches out of stack 

Number of Branches in stack 

Number of Instruction "block" references 

Number of minors waiting for central memory 

Number of minors waiting for result conflict resolution 

Number of Cache read references! search. 

Number of Cache read references! find. 

First Level/Second Level Cache monitor selection. 
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3.D VIRTUAL HEMORY flECHANISn 

3-1 General Description 

IPL central memory shall be addressed by means of virtual memory 
addresses. This section concerns itself with the definition! 
formation and translation of virtual memory addresses as well 
as the access protection mechanisms provided in IPL systems- 

3-1-1 Levels of Addresses 

Within IPL systemsn three levels of central memory addresses 
shall be recognized: Process virtual address - CPVAl svstem 
virtual address -CSVAD-i and real memorv address -CRMA}. 

Each process virtual address -CPVAl shall consist of three 
major components: A segment number -CSEGJn a bvte number -CBNl 
and a ring number -CRN}. The process virtual address shall be 
local to a process and shall be translated into a global-i 
system virtual address -CSVA> by means of the process segment 
table. The translation process shall consist of converting 
the process segment number -CSEG> into the system's active 
segment identifier -CASID} and checking the appropriate access 
controls to the segment- 
To address central memoryn the system virtual address -CSVA} 
shall be further translated into the real memory address -CRnAJ 
through thg system page table . Each paged segment shall be' divided 
into p ages and shall be allocated into real memory accordmgly- 

3.1-S Address Components 

The process virtual address -CPVA> shall consist of a segment 
number -CSEGJ-. a byte number -CBNl and a ring number -CRN}- The 
RN shall be used for access control and the combination of the 
SEG and BN shall specify a byte address- 

The system virtual address 4:SVA> shall consist of an active segment 
identifier -CASID> and a byte number -CBN>. Uithm the SVA-. the^ 
I BN shall be further divided into subfields- The BN shall consist 
of a page number -CPNl and a page offset -CPOJ- 
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The concepts of segment and page are discussed in the 
following sub-paragraphs- 



3.1.S.1 Segments 



In IPL systemsn data and programs s 
consisting of segments. Each segme 
contiguous bit-string of informatioi 
than or equal to E^l bytes- An ins 
identified {addressed} by the segme 
and the byte name within the segmen 
segment shall be defined to be the 
sharing among different processes, 
of flexibility in namingn each proc 
with its own {process} segment numb 
ment number shall be translated int 
segment identifier! called the acti 
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by means of the process segment table. The process segment 
table shall effectively define the process virtual addressing 
space. The IE-bit process segment name shall limit the maximum 
number of addressable segments by a process to ^D^t. 



The It-b 
a segmen 
currentl 
and only 
pond to 
spective 
name for 
inf ormat 
manent n 
software 

3.1.E.E Pages 



it active segment identifier -CASIDJ shall consist of 
t name used by the system to identify each segment 
y active in the system. To each active segmentn one 

one ASID shall be assigned even though it might corres- 
more than one process segment number. From the per- 
of the system software-i the ASID shall provide a "short" 
the more permanent segment -Cfile> name used in the IPL 
ion storage subsystems- The translation from the per- 
arrie to the "short" ASID shall be accomplished by the 



To facilitate mapping segments into real memoryi and to enable 
management of the very large central memories envisaged for the 
IPL-i the segments shall be subdivided into pages. Page 
sizes shall vary between a minimum of SIE bytes anda 
maximum of h^k bytes. {Note: for Phase I IPL the maximum page 
size shall be flk bytes>- In sny given processor-i the page size 
shall be fixed- lilithin each pagei addressing shall be performed 
to the byte- The total hierarchy then-, shall be: 
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I of It million bytes 'iE^ bits of RI1A>. 



3.1-3 




3-1. M 



Figure 3-1-1: Address Component Hierarchy 

It must be noted-, however-, that in generaln users shall refer 
only to a segment and a byte number within a segment- Pages 
shall be transparent to the user in much the same way that central 
memory banks shall be transparent to users in real memory- 
Real Memory Address 

The Real Memory Address -CRMAl shall be defined as a 32-bit byte 
address with the leftmost position referred to as 

the sign bit -, according to the following format: 



S <- 



31 



OD 01 



31 



The actual central memory size shall be a system installation 
parameter- Addressing central memory with an RMA which exceeds 
the actual size of central memoryn or with a negative RM Ai shall 
generate a Real Address Out of Range interrupt- 

Phase I IPL shall be size-limited to a Maximum Real Memory -CRMAl 
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3-2-1 



Access Protections 

Having established an environment in which many 
code and data it is a requirement that a suitab 
mechanism be provided so as to insulate the ind 
from each other- Four facilities avQ provided 
interprocess and intraprocess protection- The 
protection shall be achieved via the process se 
which defines the address space of a process- 
protection shall be achieved by means of ring a 
facilities- Within the process address space-, 
be organized into a privileged hierarchy accord 
numbers associated with each of those segments- 
be the most privileged ring while ring IS shall 
privileged ring- 



users may share 
le protection 
ividual users 

to guarantee 
interprocess 
gment table 
The intraprocess 
nd key/lock 
segments shall 
ing to the ring 
Ring one shall 

be the least 



In general-, a procedure executing in a particular ring shall 
have access to code and data in that ring and in any ring out- 
side-, -Chaving a greater ring number thanln its own- Access to 
inner rings can only be made through carefully controlled entry 
points- The key/lock facility shall be used to partition the 
process address space into several subspaces- In generaln a 
procedure executing in a partition with a given key/lock shall 
have controlled access to the code and data of other partitions 
having different _key/locks- Uhen both key/lock and 

ring facilities are usedn the process address space shall be 
organized with a vertical privileged hierarchy complemented by 
horizontal partitions- 
Process Virtual Address 

The following paragraphs define the format of the process virtual 
address and the logical algorithms used for translating the pro- 
cess virtual address into the system virtual address- 
Format 

The process virtual address - CPVAl shall constitute the effective 
address presented by a program -[process} to address the central 
memory- The formation of the PVA shall be determined by the 
instruction repertoire and the manner in which the various fields 
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from each instruction shall be used to form the effective address. 
The format of the PVA shall be as follows: 



n lb 



^IL 



&■ 



SEG 



h=l 



BN 



3-5.1-1 Ring Number 



The ring number -CRN} shall consist of a four bit field contained 
in bit positions It through IT of each PVA- It shall be used for 
access validation as discussed in section 3-fci- 

RN shall also be used as a special flag such that a ring number 
of zero-. -CRN = D> shall denote an unlinked Pointer. See B.a.1.13. 



3-E-l-E Segment Number 



The segment number -CSEGJ shall consist of a 12-bit field con- 
tained in bit positions 20 through 31 of each PVA. It shall be 
used to identify a single segment from all other segments add- 
ressable by the process. 

3.2.1-3 Byte Number 

The byte number -CBNJ shall consist of a 32-bit field contained 
in bit positions 32 through ti3 of each PVA. It shall specify 
the byte location -Cor displacement! within a segment. Bit 
position 32 of each PVA shall constitute the sign bit of the BN 
field and must be in the zero state. In the one-. -Cne^ative} 
state-i this bit shall generate an Address Specification interrupt 
at the time it is used to address central memory- 

3.3 Process Segment Table 

The process virtual address shall be translated into the system 
virtual address by means of the process segment table. The 
process segment table shall be specified by two values: the 
segment table address -CSTA> and the segment table length -CSTLJ. 
The STA shall represent the real address of the first entry of 
the process segment table. Each entry within a segment table 
shall be bM-bits long and shall be accessed by indexing the STA 
I with the appropriate segment number. The STL-. plus one-. 

shall represent the number of usable entries in the associated 
segment table- The segment numberi -Cwhich is applied as an 
index to the STAlmust be less than or equal to the v,alue of the 
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3.3.1 



STL. The process segment table shall effectively define the 
process virtual address space. The maximum number of entries 
which may be contained in a segment table shall be Mmb- 

Segment Descriptors 

Each of the tDM-bit entries contained in the segment table shall 
be referred to as segment descriptors and shall be formatted as 
follows: 



D 
VL 


e M b 

XP RP UF 


a 12 lb 31 
> Rl R2 ASID 


32 




40 . b3 


GL 


Key/Lock 
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3.3.1.1 Control Fields 



The fi control bits contained in each segment descriptor! -Cbit 
positions DO through D7>t shall be grouped into M E-bit fields 
referred to as VLt XPt RPn and UP. Each of these four groups 
shall be decoded and translated as follous: 
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3.3.1.M Conversion to System Virtual Address 

The process segment table entries shall be used primarily to 
validate central memory accesses. Howevern they shall also be 
utilized to convert the PVA to a system virtual address -CSVAJn 
by substituting a lb-bit active segment identifier for the IS- 
bit process segment number. The formation of the SVA is illus- 
trated in Figure 3.3-1. 
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Notes. Binding Section Segments shall be created by the System 
software -CLinker} and shall be used during the execution of Call 
instructions as described in Section S.t of this specification. 

Readi Urite and Execution privileges are described in Section 
3.t of this specification. 

3.3.1.S Access Validation Fields 

The Rl and RE fields shall all consist of M bits each. GL shall 
be a E-bit field and key/lock a b-bit field. These fields 
shall constitute inputs to the access control mechanism in 
order to perform access validation as described in Section 3.b 
of this specification. 
3.3.1.3 Active Segment Identifier 

The active segment identifier -CASID} shall consist of a lb-bit 
field and shall constitute a global name which identifies a 
single segment from all other segments currently active in the 
system. 
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System Virtual Address 

This section specifies the format of the system virtual address 
and the logical algorithms used for translating the system 
virtual address into the real memory address. The system virtual 
address -CSVAJ shall represent a global address shared by all 
processes active in the system- An SVA shall consist of an 
active segment identifier -CASIDJ and a byte number -CBNJ- The 
format of an SVA shall be defined as follows: 
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Figure 3-3-1 
Conversion of PVA to SVA 
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Active Segment Identifier 

The active segment identifier -CASIDJ shall consist of a It-bit 
field contained in bit positions lb through 31 of the SVA- The 
ASID shall represent a global name that identifies the segment 
from all other currently active segments in the system- Two 
processes which SlV^ sharing a segment may have different 
■[process} segment numbers -CSEO to address that segmentn but 
must have the same ASID- 

Byte Number 

The byte number -CBNl shall consist of a 31-bit field contained 
in bit positions 33 through b3 of the SVA- It shall specify 
the byte location -Cor displacement! within a segment- 
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Uithin the BNn the address translation mechanism shall further 
recognize two subfields: a page number €PN> and a page offset 
-CPO>- 

Note. It must be stressed that these subfields are recognized 
only by the address translation mechanism and are transparent 
to general programs. 



3-M.B.l Page Number 



The page number -CPNJ field shall be variable in size and range 
from IS to 2E bitsn as determined by the page size l^ the system- 
The page size shall be fixed on a per installation basis arid 
shall not vary while the system is running. The actual size of 
the page number field shall be contained as a mask in the page 
size mask register. 



3.M.2-S Page Size Mask Register 

The page size mask register shall be 
against bits Mfi through SM of the SV 
of the page number from the page off 
through M7 of the SVA shall be autom 
numbern and bits 55 through h3 shall 
in the page offset. The page size m 
and shall represent a logical prefix 
followed by U zerosn where the page 
For example! U=S yields a page size 
Tho corresponding page size mask wou 

3.M.B.3 Page Offset 



set such that its use 
A shall allow the separation 
set. Bit positions 33 
atically included in the page 

be automatically included 
ask shall consist of 7 bits 

vector with €7-U} onesn 
size is E^ x SIE bytesq 
of E''-^"^^-'"=EDMfl bytes. 
Id be set to : "lllllDD." 



The page offset -CPO shall represent the displacement of the 
central memory location to be accessed relative to the page 
boundary. This field shall vary with the page size and range 
from T to lb bits. 

The formation of the page number and the page offset from the 
byte number and the page size mask is illustrated by Figure 
3.M-1 as follows: 
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Figure 3.M-1 
Formation of Page Number and Page Offset 
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3-S System Page Table 

System virtual addresses shall be translated into real memory 
addresses by means of the system page table- The system page 
table shall be specified by two values: the page table address 
•CPTA> and the page table length -CPTL}- The page table address 
shall represent the real address of the first entry of the system 
I page table on an integral page table length boundary. Each page table 
' entry shall consist of b^-bits- The desired entry in the page 
table shall be located by means of a combination of indexing and 
linear searching. The indexing value shall be obtained by hashing 
the S/PAGEID-i which represents the combination of ASID and PN. 
Page table length shall consist of a mask which shall serve to 
force the index used to access the page table to be modulo the size 
of the table- 
Page table length shall consist of fl bits and shall also specify 
the length of the System Page Table as 2" x 4DTti Bytes for n=D-,l-i 
2-io--.,fl. The minimum page table length shall be MDTb bytes and 
the maximum page table length shall be 1 million bytes- 

The system page table size shall be determined by real central 
memory size and the page size-i and shall usually be 2-M times 
larger than the number of available page frames. 

3.S.1 Page Descriptors 

System page table entries shall consist of tM-bits each-i and 
shall be referred to as page descriptors. Each page descriptor 
shall identify a page frame to be accessed as well as record usage 
of that page frame- Page descriptors shall be formatted as 
follows: 



3.S.1.1 Control Fields 



vc un 
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SEGMENT/PAGE IDENTIFIER •£3fl> 



m 



PHYSICAL ADDRESS -CEE} 



The four control bits in positions DD through D3 shall be grouped 
into two E-bit fields referred to as VC and UM. These fields 
shall be decoded and translated as follows: 



VC 
DD 
Dl 
ID 
11 

un 

DD 
Dl 
ID 
11 



invalid entry-« stop search 
invalid entry-i continue search 
valid entry-, stop search 
valid entryi continue search 



fresh page 

{reserved} 

used but not modified 

used and modified 



4E 



b3 



The search control codes shall provide the means for controlling 
the search of the page table for the proper SVA. They shall 
specify whether the page table search shall be continued to the 
next page descriptor when no match for the SVA is found within 
the current page descriptor. The used and modified codes shall 
indicate whether the page table entry has been used for address 
translation-, and when usedn if the real memory location was 
modified. 

3.S.1.E Segment/Page Identifier -CS/PA6EID> 

The 3fl-bit Segment/Page Identifier field shall identify the 
System Virtual Address for the Page Descriptor Entry. It 
shall include the It-bit ASID and the SE-bit Page Number. For 
a system in which the page size is larger than SIE bytesn i.e.-. 
Page Number less than 22 bits-, zeroes shall be correspondingly 
I added in the rightmost bit positions. 



3.5.1.3 Physical Address 



The EE-bit Physical Address shall be used as .a physical 
Page Frame Address. 
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When the page size is larger than S12 bytesi zeros must be present 
in the rightmost bit positions to obtain proper^ alignment. A 31- 
bit physical address shall be obtained as a result of address 
translation. 

3.S.2 Allocation of Page Descriptors 

3.S.E-1 Location of a Page Descriptor in the Page Table. 

In order to facilitate their retrieval when necessaryi a Page 
Descriptor associated with a given page frame is located within 
the System Page Table according to the following fixed procedure. 
There is a pseudo randomizing function {hashing function>i Hi 
j which maps a 3fl-bit field into a lb-bit field. This function 
is used to evaluate the nominal Page Descriptor location associated 
with a System Virtual Address -CNOnL-CSVA» according to the following 
algorithm. 

I NOML -CSVA} = •CH-CASID|PN>A{PTL|11111111 >}|DDDD§ee Fig. 3.S-e) 

Uhere NOML is a 2D-bit byte displacementn ASID|PN is the con- 
catenation of ASID and PN of the System Virtual Addressi 

PTL is the Page Table Length Maski "a" is a logical-AND-. "| " 
denotes bit concatenation. 

The NOML -CSVA> is the displacement from the origin of the System 
Page Table -CPTA>. NOML -CSVA> identifies the first fcM-bit entry 
which is a candidate to be associated with the specified SVA- 
Successive candidates' displacement shall be obtained by adding 
eight -Cmodulo Page Table Length! to the previous displacement- 

3.S.E.S Search for Page Descriptor in the Page Table 

The Search for Page Descriptor Algorithm accepts as a parameter 
of a System Virtual Address and produces as a result either a 
physical address pointer to the proper Page Descriptor entry or 
a flag indicating No Descriptor Found. The search algorithm 
is described in the following pseudo program: 
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See Figure 3.S-E for IsfK* 



Search PD : COUNT = 1 

J = NOML -CSVA>1 
1 : K = "CPTAll J 

ENTRY = Page Descriptor -CIO 
if -CVC = DD3-A -CNOT PRE-VALIDATEDJ then go to 3 
if -CVC = 01>A {NOT PRE-VALIDATED> then go to 5 
if -CS/PAGEID = ASID|PN> then go to ^ 
if -CVC = 1D> then go to 3 
Note: "NOT PRE-VALIDATED" means that the page 

has not been previously found in the page 
table as part of the current instruction's 
execution- 



E: if {COUNT = 3E> then go to 3 else COUNT = COUNT+1 

J = {J+fl>A{PTL|llllllllllll>iigo to 1 
3: Set flag "No Descriptor Found"i return 
M: return {ENTRY! 
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3.S.S..3 Formation of the Real Memory Address {RnA> 

The logical algorithm for translating a system virtual address 
to a real memory address is depicted in Figure 3.5-1. The al- 
gorithm to obtain the proper Page Descriptor in the System Page 
Table has been described in the previous subparagraphs- 

The dotted lines indicate the variations in field lengths which 
are introduced by the variable page size. 
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Real flemorv Address -CRriAl 



Figure 3-5 -1 
Translation of SVA to RMA 



Access Protection 

Uithin IPLn the smallest unit of access protection which can be 
specified shall be a segment- Four mechanisms shall be provided 
to facilitate interprocess and intraprocess protections. The 
interprocess protection shall be achieved by means of the process 
segment table which shall define the address space of a process- 
Three facilities shall be provided to achieve intraprocess pro- 
tection- Segment Descriptor control fields shall be used to 
specify whether Readn Execute or Urite access to a segment is per- 
mitted- The ring structure shall be used to organize the segments 
into a privileged hierarchy according to the ring number associated 
with each of the segments- The key/lock facility shall be used to 
partition the process access space into several subspaces with only 
restricted access from one to the other- Uhen both ring and key/ 
lock facilities are usedn the process address space shall be or- 
ganized with a vertical privileged hierarchy complemented by 
horizontal partitions- 
Access Control fields- 

The Executen Read and Urite access to each segment shall be con- 
trolled by the XPn RP and UP fields of each associated Segment 
Descriptor- The format and descriptions of the fields are speci- 
fied in paragraph 3-3-1-1 of this specification- 
Ring Hierarchy 

The ability to grant access rights to a particular segment is not 
sufficient controln and that mechanism is augmented by a technique 
governing intra-process control. This technique is an extension 
of the common two state -[system state and user state> machines- 
The IPL may operate in any of fifteen states. These states are 
rings of protection. In generaln segments in the same ring have 
access to each other limited only by their prescribed access modes. 
However-i communication between segments in different rings is 
carefully controlled. Passing control inwards -Cto a smaller ring 
number! is achieved by providing the callee with a gate through 
which the caller must pass- The most common example of this 
process occurs when a user calls on the operating system to per- 
form a task. To ensure protection when returning from an outward 
call-i both outward calls and inward returns shall result in 
interrupts and transfer of control to the operating system- 
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3-t-S.l Execute Ring Bracket 

It is frequently convenient to allou a segment to execute in 
several rings- This is accomplished by giving the segment an 
execute bracket- This bracket delimits the rings in uhich the 
segment may be executed - always provided that the segment has 
execute access granted by the XP field- The R1-R2 fields in the 
segment descriptor are used to denote the rings of which a segment 
may be a membero 



B.t.E.S 



Execute Access 



Rl < P.RN < RE 



If a process is executing in a ring contained 
in the execute bracket of a segmentn and control is transferred 
to that segmentn then the ring of execution is. unchanged! -CSee 
the Branch instruction description in sub-paragraph E-2.3-b of 
this specif ication>- 

For the Call instruction! as described in sub-paragraph S-t-l-S 
of this specification! if the current ring of execution was 
greater than the ring bracket-, it would be set equal to the 
greater ring number in the bracket! assuming the transfer of 
execution control is allowed- 

Read and iilrite Limits 

The concept of execute ring bracket is extended to read and 
write protection- A process must be executing within the read 
or write limit of a segment! and appropriate access must have 
been granted for their operations to be executed. The conditions 
for reading and writing a segment are given below- 



LJrite Access 
PVA.RN^Rl 



Read Access 
PVA-RN^RE 



Uhere the PVA-RN is the ring number contained in the A Register 
with which the access is being made- 

3-b-S-3 Call Ring Limit -CSee E.5-S for Code Base Pointer Format> 

When a procedure makes a call on another procedure executing in 
same or inner ring bracket! the right to make the call must first 
be validated! and the proper use of the gate must be checked- The 
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authority to make the call has been given to the caller if: 

I PVA.RN<^CB-R3 -CCode Base Pointer - Ring 3} 

and if it is entered via the proper entry points -Cgate}- To 
further assure that the call is not made to an outer ring bracket! 
a check on PVA-RN>R1 is also made. The control of the call gate 
is implemented via the binding section which contains all the 
allowable entry points -Ccode base pointers} to a procedure- The 
binding section is constructed by System Linker and is not modi- 
fiable by regular procedures. The format of code base pointer 
is described in Section 2'5»S» 

3.t.3 Key/Lock Facility 

The Key/Lock is another protection facility that complements the 
ring hierarchy for controlling the intraprocess access. It can be 
used to partition procedures and/or data within the same ring 
bracket into zones with restricted access between each other- 
Functionally ! the Key/Lock structure is an extension of conventional 
storage key structure. The unit of protection! however! has been 
changed from physical storage blocks into virtual segments- 

The Key/Lock facility provides the following capabilities: 

• • Total firewalling between subsystems in the same ring 
bracket. 

• Total isolation of data in less privileged rings from 
more privileged rings. 

• Facile validation of access of call arguments on calls 
between procedures of different keys! where one of the 
keys is the master key- 

• Urite control within a ring bracket running under the 
master key -Ce-g-! process services} 

• Urite control of data in less privileged rings from 
more privileged rings- 

3.b.3.1 Formats of Key/Lock fields 

The fl-bit field -CBit 3E to 3T> of the Segment Descriptor 
specifies the Key/Lock for the associated segment. The format 
of the field is as follows. 
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3S 33 34 



3T 



Key/Lock 



■CAlso-i See 3-3.1} 



The interpretation of the field for procedure and data segments 
is as follows: -Clilhen Key/Lock is equal to zero-, both G and L shall 
be interpreted as zeroes> 
Procedure 



Data segment 



G-master key/No Lock 
G-master key/No Lock 
G-t bit key/Lock 
G-b bit key/Lock 



G-No lock 
G-No lock 
6-b bit lock 
G-t bit lock 



L-master key 
L-t bit key 
L-master key 
L-b bit key 



L-No lock 
L-b bit lock 
L-No lock 
L-b bit lock 



Conceptually each 
every accessn gloi 
granted if both ke 
only one six-bit f 
possible for each 
case where both th 
be the same. The 
machine where it i 
keys in order to s 
control. 

3.b.3.5 Access Validations 



Uhere G = global key/lock and L = local key/lock 

Two different keys may be associated with the P-Register for the 
executing segment-! the format is as follows- 



DO Dl 


OS 




D7 


Dfi DT 


ID 




ISl 
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where master key = zero 

G = global key 
L = local key 



segment has two keys 
bal to global-i local 
y/lock tests succeed 
ield in the segment 
segment to have one 
e global and local k 
only exception to th 
s necessary to carry 
upport access valida 



which can be tested on 
to localiwith access being 
In factn since there is 
descriptor word-, it is only 
non-zero key so that in the 
eys are non-zero they must 
is is the P register of the 
two non-zero non-identical 
tion on calls and write 



The key/lock is further controlled by the RP and UP controlled 
field in the Segment Descriptor -CPlease refer to Section 3.3.1.1 
for the format of RP and UP>. 

Read-lilrite access 

For read or write accesses the double key comparison only occurs 
if key/lock control is specified for that type of access-i i.e.-i 
RP = Dl and/or UP = 01. 

The G-key and L-key of the P-register are tested with the G-lock 
and L-lock of the segment to be accessed^ G to G and' L to L with 
access being granted if both key lock tests succeed. A test is 
successful if: key equal to lock-, or master key-, or no lock. 

Call/Branch -CSee S-b-l-S and E-E-3-b-. respectively} 

For a Call or Branch-i the P-register G-key is compared with the 
G-lock of the "called" or "branched to" segment- A Call or 
Branch is permitted if G-key equal to G-lock-i or G-master key-, or 
G-no lock- 
Note: For the inter-segment Call instruction-, the Key/Lock field 
shall be used from the Code Base Pointer only. Thus-, for 
that instruction-, the Key/Lock field from the associated 
segment descriptor shall be neither tested nor loaded but 
simply assumed to be equal to the Code Base Pointer's Key/ 
Lock field. 
P-Reqister 

For Call/Branch-, the new Global and Local keys are set according 
to the following rules-i where 
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G-tCev 



Caller's G-key 
-cold P-reqister> 



Callee's G-key/lock 

•CSegment Descriptor New G-key 

or Code Base Po inter> 6f P-reqister 



No other key transformations are allowed- 

L-kev: 

The new Local L-key of the P-register is always obtained from 
I the callee's L-key in the segment descriptor or Code Base Pointer- 



Return -CSee 5.b-m> 



G-key -CNew 
P Register} 



G-lock -CAssociated 
Segment Descriptor! 



L-key -CNew 
P Register} 



L-lock -CAssociated 
Segment Descriptor] 



All other key/lock combinations shall result in an Access Violation- 

3.b-3-3 Software Conventions 

It is expected that some software conventions will be followed 
for using the key/lock facility- The following are examples of 
such conventions: 

1- By using non-zero local locks-i data can be restricted to 

be written or accessed by only'^local'^procedures- Normally-i 
no procedure will have a master local key. 

E- User and System procedures are normally assigned with a 

non-zero local key and a master global key- All non-local 
data are not controlled -CDnD}- 

3- To isolate Subsystems from each other-i master global key 
is not*" assigned to them- Data to be shared by User or 
System -Cbut not other subsystems! are assigned with a 
global lock but no local lock- Local lock is still used 



Note: 



for truly local data- 



Rings 



- /I 

N SP1-CM-,1> 



SP1-CD-,1> SPS-CD-,2> SP3-C0-,3> 

SD1-CD-.1-,U> SD2-CD-.2-.U> SD3-CD-.3-.U> 



N+ 



^^PB-cq-.2> 



SS1P1-CM-,M> 
SSlDH:M-.D-.RId>SSlD2-CD-.M-.U>SSlD3-CDnM-.RU} 



SS2P1-CS-.S> 
SS2Dl-CS-,D-.U>SS2D2-CD-.£-.RU>SS2D3-CS-,D-.RUJ 



SS1P1{M^4> 

N++ i callI --" 




UPl-CD-,t> 



UDl-eO-.b-.t)> UD2-CD-.0-.RU> UD3-CD-.t-.RU> 



System 

Uhen called by user 

SPl can write SDl 

SPl can read SD2-. SD3 

SPl can not write SD2-. SD3 

SPl can not read or write UD3". 



SS1D3-. SS2D2 



Mhen called by SSIPI" 

SPl can write SDl 

SPl can read SD2-. SD3 

SPl can write SSIDI 

SPl can read SS1D2 

SPl can not write SS1D2-. SS2D1 

SPl can not read or write SS1D3-. SS2D2i SSSD3 



By software convention no Key: 
Procedure can have a Master 
Local Key 



MffElP 



I 



SP=Systera Procedure 

SD=System data Base • ♦ 

SSl=Subsystem 1 

U=User 

•CD-»l-.U>=-CGlobal-. Locali Access Type> 

Access Type w = Urite Check-. 

No Read Check 
Access Type Ru = Urite Check-. 
Read Check 



Figure 3.t : Example of Key/Lock Utilization 
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Central Memory 
General 

Central Memory shall provide main storage for all processors 
in an IPL system- It shall also provide the primary commun- 
ication paths for all processors in the system- All processors 
shall be able to access all central memory- 
Central memory may be thought of as consisting of three parts: 

- Storage Units 

- Distributers 

- Ports 

These are illustrated in Figure ^-l-l- The memory models uithin 
the IPL shall be constructed from various configurations of 
these elements- 



q-1.1 



Storage Unit D 



Processor ^ ^ 



Processor 4 > 



Port D 



Port 1 



)istributors 



Processor 




Storage Unit 1 




Memory Storage Unit 

The storage unit shall be organized into eight independent 
banksT with each bank having a data word width of t^ bits 
plus fi bits for error correcting code- The storage media shall 
be the HK MOS array- The memory shall be volatile- -Clnforma- 
tion lost if power drops-> 

Access to the storage unit shall have a data path m bits wide- 
Data shall be accompanied by error correcting code. Address and 
control signals shall be accompanied by parity bits- 
Normally contiguous addresses shall be interleaved into the 
storage unit as illustrated in Figure ^.l-2- This shall give 
the storage unit a stream rate capability of one transfer per 
clock period- The storage unit shall also have a non-inter- 
leaved mode of operation- This mode shall allow the system 
to be reconfigured around a failing memory banki This mode 
will degrade the stream rate for a storage unit to one trans- 
fer per bank cycle time- A more detailed explanation of this 
feature is contained in section ^^^' 

Each storage unit shall have a maximum capacity of two million 
bytesn however-i units shall be available in one and two mega- 
byte options- The one mega-byte model shall be implemented 
by reducing the number of array paks in the storage unit by 
one half- The degree of interleaving within the one megabyte 
storage unit shall remain at eightn howevern the bank size shall 
be reduced from 2S[2K bytes to lEflK bytes. -CIK = 1D2^ Bytes} 



DHIIKPWl 



Figure ^.l-l 
Memory System Elements 
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H.l.E 



Bank D 



Bank 1 



Bank B 



Bank 3 



Bank ^ 



Bank S 



Bank b 



Bank 7 



f 



Word -CbM bits + fi SEC/]>ED> 



Address D 



Address 1 



Address E 



Address 3 



Address M 



Address 5 



Address b 



Address 7 



Figure ^.l-E 

Memory Bank Interleaving 

Memory Distributors 

The number of central memory distributors shall differ depend- 
ing on the number of ports and storage units possible on a 
given model. The maximum stream rate through any path shall 
be one uord every clock cycle. Greater bandwidths may be 
achieved by implementing parallel distributors. 

Port selection shall be made within a clock cycle- This shall 
allow transfers from different ports to occur at one clock cycle 
intervals. A port shall not request a distributor cycle if 
the destination bank is busy. 



Port selection shall be made on a priority basis. No port 
shall be able to lock out any other port from a bank longer than 
one bank cycle time- The maximum delay that can occur at any 
port shall be -Cn-lJTcn where n=the number of ports and Tc= 
bank cycle time. 

Routing transfers to storage units shall be accomplished by 
making address translations at the distributor. Routing trans- 
fers from storage units back to ports shall be implemented 
with distributor generated port numbers. 

Error correcting logic shall reside with the distributor hard- 
ware. This will minimize the cost of SEC/DED for the memory 
system. The SEC/DED hardware shall support a stream rate of 
one transfer per clock cycle. 

The circuits required for partial write capability shall also 
reside within the distributor. A description of the partial 
write operation which requires this hardware is included in 
section ^^2^ 

Figure M-1-3 illustrates the architecture of this distributor- 
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»ort Input 
I Port D 



Port 1 



f Port n 
' ort Output 
I Port d' ~ 



Port 1 [^ 



Port n 



Port 
Fanin 



Port 
Fanout 



Storage Unit Input 



SEC/DEB 

Hardware 

-CGeneratio 



\y 



storage 

Unit 

Fanout 



Storage Unit D 



* Storage Unit 1 



Istoraqe Unit n 



SEC/DED 

Hardware 

•CCorrectio 



ii> 



Storage 

Unit 

Fanin 




Storage Unit Output 



Storage Unit D 



1 Storage Unit 1 



Storage Unit n | 



Figure M-1-3 
Memory Distributor 



Memory Port 

The IPL central memory shall be accessed via two types of ports- 
The lower IPL processor Pl-i as well as the Peripheral Processorn 
shall attach to a 3S-bit port- The upper IPL processors PS-i P3 
and PM shall attach to a m-bit port- See Figures 1-3-1 through 
1.3-3. 

Both types of ports shall be synchronous to the hardware system 
clock. All processor interfaces to these ports shall also be 
synchronous with the hardware system clock. 

Either type of port shall be capable of accepting a memory 
request every clock cycle. This shall give the hH bit port a 
maximum bandwidth of fl bytes per clock period-, and the 3E bit 
port a maximum bandwidth of ^ bytes per clock period. Uhen 
either port is unable to accept additional requestsn due to a 
memory bank busy or distributor busyi it shall send a PORTBUSY 
signal to the processor interface. There shall be sufficient 
buffering within the central memory port to allow for cable 
delay and processor recognition of the PORTBUSY signal. This 
delay shall not exceed & clock periods. 

Transmission from a processor to a central memory port shall 
be via coaxial cable. 

Table »*.1-1 and Table H.l^B specify the signals at the 3E bit 
and b^ bit port. 
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Table ^.l-l 
b^ Bit Port 



^. 1.3-1 



Input into Central Memory Port 

Data In 
Address 
nark Lines 
Tag In Lines 
Function Code 
Request 

Output from Central Memory Port 

Data Out 

Tag Out Lines 

Response Code 

Response 

Port Busy 

Interrupt 



Input to Central Memory Port 



y^ lines ■»- a lines -CParityJ 

Ea lines + M lines -CParityJ 

a lines + 1 line -CParityl 

a lipes + 1 line {Parity} 

4 lines + lline -CParityJ 
1 line 



Data In 
Address 
Hark Lines 
Tag In Lines 
Function Code 
Request 

Output from Central Memory Port 



Data Out 

Tag Out Lines 

Response Code 

Response 

Port Busy 

Interrupt 



h^ 


lines 


+ 


a 


lines 


•CParity} 


a 


lines 


+. 


1 


line 


■CParityl 


3 


lines 


+ 


1 


line 


■CParity> 


1 


line 










1 


line 






"* 




1 


line 










Table 


4-1-E 










3S Bit Port 










3S 


lines 


+ 


4 


lines 


•CParityJ 


ST 


lines 


+ 


4 


lines 


•CParity} 


4 


lines 


+ 


1 


line 


•CParity} 


a 


lines 


+ 


1 


line 


•CParity} 


4 


lines 


+ 


1 


line 


•CParity} 


1 


line 










3S 


lines 


+ 


4 


lines 


•CParity} 


a 


lines 


+ 


1 


line 


■CParity} 


3 


lines 


+ 


1 


line 


•CParity 


1 


line 










1 


line 










1 


line 











Port Interface Line Descriptions 

a- Data In 

The Data In lines shall contain the information which is 
to be stored into central memory during write operations- 
A parity bit shall accompany each byte of data- 

b- Address 

The address lines shall contain the address in memory which 
is to be accessed- The address shall be accompanied by 
four parity bits- The format of the address field is model 
dependent. 

The 3E bit port shall contain one additional address bit 
in order to specify halfword addresses- This is required 
in order to perform halfword stores from the 3S bit port- 
The bit being clear shall specify halfword D. the bit 
being set shall specify halfword 1- 

c- Mark Lines 

During partial write operations these lines shall indicate 
which bytes are valid within the a byte Data In word- One 
parity bit shall accompany the Mark Lines- 

d- Tag In Lines 

The Tag In lines shall contain requesting processor defined 
information during read or write operations- This tag 
information shall be returned unmodified to the requesting 
processor with the response from memory. The requesting 
processor may use this information for internal sequencing 
and routing of the response- A parity bit shall accompany 
the Tag In lines- 

e- Function Code 

The function lines shall contain the desired Function Code 
for a given memory request- Four lines shall specify up 
to sixteen functions- The function lines shall be accom- 
panied by a parity bit- A detailed definition of the var- 
ious functions is included in Section 4.E of this specifica- 
tion- 
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f- Request 

This line shall be the strobe for all signals coming into 
the port- 

g- Data Out 

The Data Out lines shall contain the information being 
returned in response to a read operation- A parity bit 
shall accompany each byte of data- 

h- Tag Out Lines 

The Tag Out lines shall contain a copy of the information 
placed on the Tag In lines during the read or write request- 
The requesting processor may use this information for in- 
ternal sequencing and routing of the response- A parity 
bit shall accompany the Tag Out lines- 

i- Response 

This line shall be the strobe for the Data Out lines-, the 
Tag Out lines-, and the Response Code- The time interval 
between a request being honored and a response being returned 
shall be the same for all operations- 

j- Response Code 

These lines shall specify the nature of the response being 
returned to the processor- These codes are described in 
detail in Section ^^2^ The Response Code shall be accom- 
panied by a parity bit- Three lines specify up to ei.ght 
response codes- 

k. Interrupt Line 

This line shall transmit an interrupt signal to the proc- 
essor which is attached to the port- Section ^'2 describes 
how this signal is generated- 

riemory Functions and Responses 

Memory Functions 

Memory shall perform the operation specified by the four bit 
code received on the functior] lines- The functions are: 



^-a-l-l 



DDDD 
DDDl 
DDID 
DDll 
DIDD 
DlDl 
DllD 
Dill 
IDDD 
IDDl 
IDID 
IDll 
HDD 
llDl 
HID 
1111 

Read 



READ 

-CNOT ASSIGNED} 

WRITE 

PARTIAL WRITE 

READ AND SET LOCK 

READ AND CLEAR LOCK 

EXCHANGE 

READ SYNDROME BITS 

READ CHECK BITS 

WRITE CHECK BITS 

READ MAINTENANCE REGISTER 

WRITE MAINTENANCE REGISTER 

INTERRUPT 

-CNOT ASSIGNED} 

-CNOT ASSIGNED} 

•CNOT ASSIGNED} 



This operation shall read one central memory word from the 
location specified by the address received on the address lines- 
The normal response to a read function shall be a Read Response 
coden data-, and the tag- Corrected data shall not be rewritten 
into memory- 



t.^ Bit Port: 



Condition 



Normal 
Single error 



c- Address parity error 
or multiple bit error 



Response 

Read Response-. bM data bitsi tag 
Read Response Single Error-, t.^ 
bits of corrected datan tag 
Read Response Uncorrectable Error-. 
b^ bits of incorrect datai tag 



3E Bit Port: The 3S bit port shall have two responses- The 

second response shall occur one clock period after 
the first- 
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H.E.1.2 



Condition 
a- Normal 

b- Single Error 



c- Address parity error 
or multiple bit error 



Urite 



Response 

1st - Read Responsen 32 data bitsi 

tag 
2nd - Read Response-i 32 data bits-i 

tag 
1st - Read Response Single Errorn 

32 bits of corrected datai 

tag 
2nd - Read Response Single Error-i 

32 bits of corrected data-i 

tag 
1st - Read Response Uncorrectable 

Error-i 32 bits of incorrect 

data-i tag 
2nd - Read Response Uncorrectable 

Errorn 32 bits of incorrect 

data-i tag 



4-2.1-3 



This operation shall write one central memory word with the 
data received on the Data In linesn at the location specified by 
the address received on the address lines- The normal response 
to a write function shall be a Urite Response code and the tag- 
Incorrect data shall be written into memory when there is a 
data parity error. Writing shall be inhibited when an address 
parity error is detected. 



tM Bit Port: 

Condtion 

a- Normal 

b- Address or data parity 
error 



Response 

Write Response! tag 

Urite Response Uncorrectable 

Errorn tag 



32 Bit Port: Request^ 32 bits on Data In-. Functionn Tag and 

Address Information shall be followed in one clock 
period with the companion 32 bits on Data In- 



Condition 

a- Normal 

b- Address or data parity 
error 



Response 

Urite Response-i tag 

Urite Response Uncorrectable 

Error-, tag 



mim Pill 



4-2-1-4 



ffl 



Partial Urite 

This operation sh 
location specifie 
Mark lines shall 
the data received 
to a partial writ 
the tag- This op 
Incorrect data sh 
data parity error 
inhibited when an 
bit error on read 
modified- 



all modify one central memory word at the 
d by the address received on the address lines- 
indicate which bytes are to be modified with 

on the Data In lines- The normal response 
e function shall be a Urite Response Code and 
eration shall utilize a read/write cycle- 
all be written into memory when there is a 
or a multiple bit error- Uriting shall be 
address parity error is detected- A single 
data shall be corrected before the word is 



m Bit Port: Any byte within the word may be modified- 
Condition Response 



a- Normal 

b- Single bit error 
c- Address parity error-, 
data parity error or 
multiple bit error 



Urite Response-, tag 
Urite Response Single Errori tag 
Urite Response Uncorrectable 
Error-, tag 



32 Bit Port: 



Request-, 32 bits on Data Inn Mark Linesn Functiom 
Tag and address information shall be received in 
one clock period. A partial write on the 32 bit 
port shall not exceed four bytes- The halfword 
to be modified shall be specified by the address- 
Any combination of bytes within the halfword may 
be modifiedo 



Condition 



a- Normal 

b- Single bit error 
c- Address parity errorn 
data parity errorn or 
multiple bit error- 



Response 

Urite Responsen tag 
Urite Response Single Errorn tag 
Urite Response Uncorrectable 
Errorn tag 



mm 



Read and Set Lock 

This operation shall read and modify a central memory word at 
the location specified by the address received on the address 
lines- The logical "OR" of data read from memory and the Data 
In lines shall be written into memory- The normal response to 
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a Read and Set Lock shall be a Read Response code-i dataa and 
the tag. This operation shall utilize a read/write cycle. 
Writing shall be inhibited when an address parity error-i data 
parity errori or multiple bit error is detected. Single bit 
errors on read data shall be corrected before the logical "or" 



bH Bit Port: 



Condition 



The bytes to be modified shall be specified by the 
Mark Lines- 



a. Normal 

b. Single bit error 

c. Address parity error 
or multiple bit error 

d. Data parity error 



Response 

Read Response! bM data bitsn tag 
Read Response Single Error-i bH 
bits of corrected datai tag 
Read Response Uncorrectable 
Errori bM bits of incorrect data-i 
tag 

Write Response uncorrectable Errorn 
bM bits of correct data-i tag 



3S Bit Port: 



Condition 
a. Normal 



Request! 32 bits on Data Inn Mark Lines-. Function-i 
Tagi and address information shall be received in 
one clock period- This shall be a partial write 
operation for the 32 bit port. The halfword to 
be modified shall be specified by the address- 

Response 



b- Single bit error 



c Address parity error 
or multiple bit error 



d- Data parity error 



EHll 



1st - Read Responsen 32 data bits-. 

tag 
2nd - Read Response-. 32 data bitsn 

tag 
1st - Read Response Single Error-. 

32 corrected data bits-, tag 
2rvd - Read Response Single Error-. 

32 corrected data bits-, tag 
1st - Read Response Uncorrectable 

Error-i 32 bits of incorrect 

data-, tag 
2nd - Read Response Uncorrectable 

Error-i 32 bits of incorrect 

data-, tag 
1st - Urite Response Uncorrectable 

Error-i 32 bits of correct 

data-, tag 
2nd - Write Response Uncorrectable 

Error-. 32 bits of correct 

data-, tag 
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M-2-1-S 



Read and Clear Lock 

This operation shall read and modify a central memory word at 
the location specified by the address received on the address 
lines- The logical "and" of data read from memory and the data 
in lines shall be written into memory- The normal response to 
a Read and Clear Lock shall be a Read Responsen data-, and the 
tag. This operation shall utilize a read/write cycle. Writing 
shall be inhibited when an address parity error data parity 
error-, or multiple bit error is detected- Single bit errors on 
read data shall be corrected before the logical "and"- 



b4 Bit Port: 



Condition 



The bytes to be modified shall be specified by the 
Mark Lines- 



a- Normal 

b- Single bit error 

c- Address parity error 

or multiple bit error 
do Data parity error 



Response 

Read Response-, b^ data bits-, tag 
Read Response Single ErrorT bM 
bits of corrected data-, tag 
Read Response Uncorrectable Error-. 
b^ bits of incorrect data-, tag 
Urite Response Uncorrectable Error-. 
bH bits of correct data-, tag 



32 Bit Port: 



Conditio n 
a. Normal 



b. Single bit error 



c Address parity error 
or multiple bit error 



Request-. 32 bits on Data Inn Mark Lines-. Function-. 
Tag-, and address information shall b& received in 
one clock period. This shall be a partial write 
operation for the 32 bit port- The halfword to be 
modified shall be specified by the address- 
Response 



1st - Read Response 32 data bits 

tag 
2nd - Read Response 32 data bits 

tag 
1st - Read 

32 CO 
2nd - Read 

32 CO 
1st - Read 

Error 

data 
2nd - Read 



HflKE^Ml 



Error 
data-. 



Respons 
rrected 
Respons 
rrected 
Respons 
32 bi 

tag 
Respons 
32 bi 

tag 



e Single Error-. 

data bits-, tag 
e Single Error-. 

data bits-, tag 
e Uncorrectable 
ts of incorrect 



e Uncorrectable 
ts of incorrect 
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4.E.l.b 



d- Data parity error 



Exchange 



1st - lilrite Response Uncorrectable 

ErroPn 3S bits of correct 

data-i tag 
End - Unite Responsen Uncorrectable 

ErroPi 32 bits of correct 

datan tag 



This operation shall read and write a central memory word at the 
location specified by the address received on thr address lines. 
Read data shall be sent to the requestor- Data or. the Data In 
lines shall be written into memory- The normal response to an 
Exchange function shall be a Read Response Coden data-, and the 
tag- This operation shall utilize a read/write cycle- Writing 
shall be inhibited when an address parity error or data parity 
error is detected- 



b^ Bit Port: 



Condition 



The bytes to be exchanged shall be specified by 
the Mark Lines- 



Normal 

Single bit error 



c- Address parity error 

or multiple bit error 
dj Data partiy error 



Response 

Read Response! b^ data bitsi tag' 
Read Response Single Error-, m 
corrected data bitsi tag 
Read Response Uncorrectable Error-, 
m bits of incorrect datan tag 
Urite Response Uncorrectable Error-. 
t^ bits of correct data-, tag 



32 Bit Port: 



Condtion 
a- Normal 



Request-. Data Inn Mark Function-, tag and address 
information shall be received in one clock period- 
This shall be a partial write operation and the 
halfword to be exchanged shall be specified by 
the address. Response-. 32 bits of data out-, and 
tag shall be followed -Cone clock period later> by 
Response-i 2nd 32 bits of datai and tag- 

Response 



b- Single bit error 



MffKPBill 



1st - Read Response! 32 data bits 

tag 
2nd - Read Response! 32 data bitsn 

tag 
1st - Read Response Single Error-. 

32 corrected data bits-, tag 



^-2.1-7 



c- Address parity error 
or multiple bit error 



d. Data parity error 



Read Syndrome Bits 



2nd - Read Response Single Error-. 

32 corrected data bits-, tag 
1st - Read Response Uncorrectable 

Error-. 32 bits of incorrect 

data-i tag 
2nd - Read Response Uncorrectable 

^rror-i 32 bits of incorrect 

data-, tag 
1st - Urite Response Uncorrectable 

Errori 32 bits of correct 

data-i tag 
2nd - Urite Response Uncorrectable 

Errorn 32 bits of correct 

data-, tag 



This operation shall read the syndrome bits which are generated 
as a result of reading a location specified by the address 
received on the address lines- 



t^ Bit Port: 



Condition 



The syndrome bits shall be in byte D position. 
The remainder of the word shall be zeros- 



Normal 

Address partiy error 



Response 

Read Response-, fc^ data bitsn tag 
Read Response Uncorrectable Error-. 
h^ incorrect data bits-, tag 



32 Bit Port: 



Conditon 
a. Normal 



b- Address parity error 



mim PBiii 



The syndrome bits shall occupy byte D of halfword 
D. The remainder of halfword D and halfword 1 
shall be zeros. Response-. 32 bits of data and 
tag shall be followed in one clock period by 
Responsen 2nd 32 bits of data-, and tag- 

Response 

1st - Read Responsen 32 data bitsn 

tag 
2nd - Read Responsen 32 data bitsn 

tag 
1st - Read Response Uncorrectable 

Errorn 32 bits of incorrect 

datan tag 
2nd - Read Response Uncorrectable 

Errorn 32 bits of incorrect 

datan tag 
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Read Check Bits 

This operation shall read the SEC/DED check character contained 
in the location specified by the address received on the address 
lines- 



t^ Bit Port: 



Condition 



The check bits shall be in byte D position- 
remainder of the word shall be zeros- 



The 



a. Normal 

b- Address parity error 



Response 

Read Response-, t^ data bits-, tag 
Read Response Uncorrectable Errorn 
h^ incorrect data bits-, tag 



32 Bit Port: 



Condition 
a- Normal 



The check bits shall occupy byte D of halfword 
D- The remainder of halfuord D and halfword 1 
shall be zero- Response-. 32 bits of data and tag 
shall be followed in one clock period^by Response-. 
End 3E bits of data and tag- 



Response 

1st 

End 



b- Address parity error 



Urite Check Bits 



Read Response-. 3E data bits-. 

tag 

Read Responsen 3E data bits-. 

tag 
1st - Read Response Uncorrectable 

Errori 3E bits of incorrect 

data-i tag 
End - Read Response Uncorrectable 

Errori 3E bits of incorrect 

data-i tag 



This operation shall write an eight bit check character into the 
location specified by the address received on the address lines- 
SEC/DED generation shall be disabled for this operation- The 
desired check character to be written shall occupy byte D pos- 
ition of the Data In lines- 



^.E-l-10 



bM Bit Port: 
Condition 



a- Normal 




b- Address 


or data 


parity 


error 


3E Bit Port 


: The 3 




halfw 




byte 


Condition 





Response 

Urite Response-, tag 

Urite Response Uncorrectable Error-. 

and tag 



The 3E bit port shall treat this function as a 

write- The check character shall occupy 
D of halfword D- 



Normal 

Address or data 

parity error 



Response 

Urite Response-, tag 

Urite Response Uncorrectable Errori 

and tag 



Read Maintenance Register 

This operation shall read the contents of the Maintenance 
Register specified by the address received on the address lines 
and return the contents along with a Read Response code to the 
requesting processor- A description of the Maintenance Register 
is included in section ^-S- This function may access the Static 
Status registers and the Operational Status registers- Only the 
Service Processor shall have access to the control registers- 
Any read to registers other than an existing Static Status or 
Operational Status shall generate an abort response code- 



Response 

Read Response-, m data-bits-, tag 
Read Response Uncorrectable Error 
t^ data bitsi tag 
Abort 



3E Bit Port: The 3E bit port shall have two responses. The 
second response shall follow the first by one 
clock- 



tM 


Bit Port: 








Condition 








a- 
b. 


Normal 
Address 


parity 




c- 


Illegal Add 
Function 


-ess 


or 
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Conditon 
a. Normal 



b. Address parity Error 



c Illegal address or 
Function 



Response 

1st - Read Responsen 3E data bits-. 

tag 
End - Read Response-. 3E data bits-i 

tag 
1st - Read Response Uncorrectable 

Error-. 3E data bits-, tag 
End - Read Response Uncorrectable 

Errori 3E data bits-, tag 
1st - Abort 
End - Abort 



M.E.I. 11 Write Maintenance Register 



This operation shall write the contents of the Data In lines 
into the Maintenance Register specified by the address received 
on the address lines. Only the Operational status registers 
may be written by the ports- A write to any other register shall 
generate an Abort. The normal response to a Write Maintenance 
Register shall be a Urite Response code- 



hH Bit Port: 
Condition 

a. Normal 

b. Address parity error 

c Data parity error 
d. Illegal address or 
Function 



Response ^ 

Urite Response 

Urite Response Uncorrectable 

Error -Cinhibit Urite> 

Write Response Uncorrectable Error 

Abort 



3S Sit Ports: Request-, 3B bits on Data In-. Mark Lines-. Function-, 
Tag-i and Address information shall be received 
in one clock period- This shall be a 35 bit write 
operation on the 3E bit port. The halfword to 
be modified shall be specified by the address- 



Condition 

a- Normal 

b- Address parity error 



Response 

Urite Response 

Urite Response Uncorrectable 
Error 
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M.E.E 



c- Data Parity Error 



M-E-B-1 



d. 



Illegal Address or 
Function 



Urite Response Uncorrectable 
Error 



Abort 



Interrupt 

This function shall send an interrupt to the processor attached 
to the port specified by the contents of the data received on 
the Data In lineso Bits are assigned as follows: 



Bit D 

Bit 1 

J 
1 
I 

Bit' n 



Interrupt Port D 
Interrupt Port 1 



Interrujbt Port n 



One or more ports may receive interrupts with one interrupt 
operation. Any port may send an interrupt to any other port. 
No response is returned for this operation. The number of ports 
is model dependent. 

The 3E bit port shall use the halfword address bit to indicate 
which halfword the Data In lines represent- 

Memory Response Codes 

Memory response codes shall specify the nature of the operation 
as the functions are processed in the memory. The response 
code shall be returned via the port to the sender of the func- 
tion- The response codes are: 



DDO 
GDI 
DIO 
Dll 
100 
101 
110 
111 

Urite Response 



URITE RESPONSE 

URITE RESPONSE UNCORRECTABLE ERROR 

URITE RESPONSE SINGLE ERROR 

ABORT 

READ RESPONSE 

READ RESPONSE UNCORRECTABLE ERROR 

READ RESPONSE SINGLE ERROR 

•CNOT ASSIGNED} 
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^.2.E•2 



4.B.2.3 



4.S.E-4 



M.E-2.S 



H.2.2.b 



4-2.2-7 



The Write Response code shall indicate the successful completion 
of any write operation. 

Urite Response Uncorrectable Error 

This code shall indicate the unsuccessful completion of any 
write operation. 

Urite Response Single Error 

This code shall indicate the successful completi^'-n of a partial 
write operation although there was a single bit error in the 
data read from the location to be modified. 

Abort 

An Abort response shall indicate one of the following conditions: 

- An attempt to reference a nonexistent address 

- An illegal function 

- An abnormal condition 

Read Response 

This response shall indicate the successful completion of one 
of the following operations: 

Read 

Read and Set Lock 

Read and Clear Lock 

Exchange 

Read Syndrome Bits 

Read Check Bits 

Read Maintenance Register 

Read Response Uncorrectable Error 

This response shall indicate the unsuccessful completion of a 
read operation. Read data shall be returned with the response 
code. 

Read Response Single Error 

This response shall indicate that a single error has been detec- 
ted and corrected on a read operation. The corrected data shall 



4.3 

4.3.1 

4.3.1.1 

4.3.1-2 



4.3.2 

4-3.3 

4.4 
4.4.1 



4.4.2 



not be rewritten into memory- 
Memory Performance Goals 
Bandwidth 
Ports 

The maximum transfer rate through a memory port shall be one 
transfer per clock period. 

Distributors 

The distributors shall have independent read and write paths. 
The maximum transfer rate through either path shall be one 
transfer per clock period. Transfers on the read and write 
paths may occur simultaneously. In memory models with multiple 
distributors! read transfers may occur simultaneously with other 
read transfers and write transfers may occur simultaneously with 
other write transfers. 

Access Time 

Access time will depend to a large part on memory chip charac- 
teristics. However-, it is a goal that access time as measured 
at the port interface-, not exceed 14 clock periods. 

Bank Cycle Time 

Bank cycle time is also largely dependent on chip characteristics. 
It is a goal that this time not exceed ID clock periods. 

RAS Features 

Parity 

All addresses! control codes-, and data which are not protected 
by SEC/DED shall be accompanied by parity bits. It shall be 
required that all processors connected to the memory have the 
ability to inhibit the transmission of all parity bits. This 
feature used in conjunction with the Operational Status registers 
■Csection 4.S> shall provide for parity network checking and 
fault isolation. 

SEC/DED 
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M.5 



All data words within the memory banks shall be protected with 
SEC/DED logic. It shall be possible to disable the SEC/DED 
hardware by utilizing the Control Registers. -CSection M.S> 

Data shall be corrected on partial write operations. 

The SEC/DED parity check matrix used shall minimize the chances 
of triple errors being interpreted as single errors. 

Non-Interleaved Mode 

A storage unit shall have the capability of operating in non- 
interleaved mode. This condition shall be determined by the 
contents of the Control Register- -CSection M.S> Placing a 
storage unit in non-interleaved mode shifts the bank selection 
bits to the high order bits of the address. The format of the 
address is model dependent. 

The non-interleaved feature shall make sequential addresses 
reside in the same memory bank. This will allow software to 
flaw out bad addresses within a page with a minimum impact on 
memory capacity. The transfer rate shall be degraded to one 
transfer per bank cycle time. 

Maintenance Registers 

Memory maintenance registers shall consist of three types- 

Static Status - These registers shall provide information such 
as equipment identificationn serial numbern modification historyi 
etc. 

Operation Status - These registers shall be used to reconfigure 
memoryn disable checkersi test checkersi etc 

It shall be possible to address up to 5Sb maintenance registers. 
The three types of registers shall be mapped into the 5Sb possible 
locations consistent with the IPL processor. 

The Static Status and Operational Status shall be accessible 
by the ports and the Service Processor interface. The Control 

Registers shall be accessable only by the Service Processor 
interface. 

As specific requirements for maintenance registers become more 
visible-) more features will be added. 
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M.S.I 



M.S.E 



M.S. 3 



Static Status 

Register Address 

20 
2a 
20 
21 

Operational Status 

Register Address 

Efi 

Efl 

Efi 
Efi 
Efi 
ET 

ET 
ET 

ET 
ET 

Control Registers 

Register Address 

70 



70 
70 



70 
70 



Bit Position 

0-31 
32-M7 
Mfi-b3 

a-b3 



Bit Position 



1-M 



S-12 

13-33 

m-b3 



1-M 

s-n 



20-MD 
m-L3 



Bit Position 




1 
2-T 



10 
11-lt 



Description 

Equipment Identifier 
Equipment Serial Number 
Model Number 
Modification History 



Description 

Indicates a single error 

detected 

Port receiving the corrected 

data 

Syndrome bits for the error 

Address of the failure 

Unassigned 

Indicates an uncorrectable 

error 

Port receiving the error 

These bits shall indicate 

the nature of the error and 

data path where it occurred- 

Specifies the memory address 

Unassigned 



Description 

Disable the transmission of 
the parity bits on read 
data to the processor- 
Disable SEC/DED 
Bit indications for storage 
units in non-interleaved 
mode. 

S.P. Interface Designator 
Unassigned 



The service processor interface designator bit shall be mod- 
ifiable by an external switch. 
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Service Processor Interface 

The service processor shall provide the fundamental signals 
which are required for controln maintenance! and initialization 
of memory- 
Tor redundancy! each memory shall have two Service Processor 
Interfaces- A switch shall select one and only one of the inter- 
faces to be active- 

The specification of the Service Processor Interface is under 
development! however! the following capabilities are required: 

s Master Clear 

• Read Maintenance Registers 

• Write Maintenance Registers 

• Fault Line 

Clock 

The memory clock shall be supplied from a common system source- 
The clock shall have a frequency of 17-flS7 megahertz- All ele- 
ments of the memory system shall be synchronous to this clock- 
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S-D Hardware RAS 

The scope of reliability is to reduce failure rates of hardware and 
software! increasing the availability of the system to the customer! 
and minimize component faults from becoming element and system failures- 
Fault-tolerant and graceful degradation techniques which yield the 
greatest increase in reliability per costi and which are within the 
guidelines of total expenditures faur RAS features shall be used- 

S-1 States of Hardware 

S.lol Fully operational - Hardware capable of ratod throughput 

with no faults present- 
Sol. 2 Fault-tolerant operation - Fault has occurredn but hard- 
ware is capable of recovery from and operating with fault 
having no discernable impact on throughput. 

S.1.3 Degraded operation - Operating with a fault occurrence 

and not achieving fully acceptable throughput with main- 
tenance action in progress. 

S.m Down - Fault occurrence which prevents acceptable work. 
S.2 Minimum Fault — tolerant and Degradable Operation Features 

5.2.1 SP - The presence of another processor referred to 
as a service processor on all systems is required to 
ensure that the maintenance personnel or program can inter- 
rogate the system in the case of a failure of the central 
processors. 

5.2. 2 SEC/DED - Shall be implemented on main memory with flags 
to the SP and Operating System -CO.S.} when error correcting 
and whether single error or double error has occurred. 

5.2. 3 Parity checking - Parity shall be checked on all data 
paths -CI bit/ByteJi address pathsi channelsn and registers. 

5.2. 4 Degradable Cache and Map - Cache buffer and Map buffer 
shall have the capability of having portions of them faulted 
such that cache can be faulted one entry at a time and Map 
faulted one entry at a time. 

The CPU shall also have the capability of bypassing Cache 
or Map or both {degraded operation}. 
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S.2-S Fault isolation - Error signals which localize faults 
shall be provided for O.S. and SP so that appropriate 
degradation or reconfiguration may take place and 
maintenance action time can be minimized. '^Q'4 of errors 
shall allow error isolation to be possible to a module 
level by use of hardware and software to localize a 
single fault. Error detection circuitry shall be designed 
so that errors do not propagate beyond the next interface 
in the system before they are detectedi which will minimize 
the hardware checks required to localize the fault. 

Uhen. an error signal is detectedn diagnostics shall 
determine if the machine or detection circuits have failed* 



S.2.t Reconfiguration and Degradation - When permanent failures 
occuri the system shall be reconfigured by a combination 
of hardware and software techniques -Cgoal is to be fully 
automatic}. 

All functional components -Caddersn bussesn etc.} shall 
be designed with reconfiguration and degradation ideas in 
mind in case of failure- If an arithmetic operation such 
as a divide were to faili reconfiguration in the form of 
subtraction could possibly be used to emulate the divide. 

Reconfiguration is a way of maintaining availability 
by avoiding a down state- Reconfiguration/Emulation 
within the CPU is only possible if the error detection 
logic can localize the fault so that ambiguity does not 
exist as to what is to be reconfigured. This becomes 
more difficult when failures occur outside a well defined 
unit such as an adder with error detection! etc- 

S-2-7 Instruction retry - A combination of hardware and software 
techniques shall be used to retry failing instructions. 
At a minimumn the hardware shall detect failing instructions 
by use 
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of error detecting circuitry -CSEC/DEDi parityn residue-, 
coding-, if used-, etc.3- and provide error signal to the O.S. 
and SP for software implemented retry of instructions 
and logging of error type that has occurred- Error signals 
shall cause an interrupt to an error handling routine 
-Csoftware}. This shall occur during the failing instruction 
so as not to allow following instructions to alter registers 
or memory- The address of instruction which caused the 
error interrupt shall be included in .the exchange package. 

An error status register shall be implemented with access 

by SP and 0-S--. which will indicate what type of error 

occurred! such as instruction failure-, memory read error-, 
single or double error-, etc- 



j S.S.a flicro-Step Mode - An SP Controlled Micro Step Mode shall 

be implemented so as to allow micro program control instruc- 
tion execution starting at any micro code address and 
breakpoint at any micro code address- Any number of micro 
instructions can then be executed-, including single micro 
instructions- 

The ECC shall also be checked on each address contents- 

I S-2.T Time Out - Whenever one system facility is connected to 

another via command/response protocol-, a time-out mechanism 
shall be provided to ensure continuing operation of the 



system- 

S.2.1D Power Supplies - All cabinets shall have individual power 

suppliesiand circuit breakers shall be used in place of fuses. 

This philosophy will extend to all fused circuits in the 
machine- 

I 5-2-11 Packaging - The number of module types shall be held to a 
minimum so as to reduce spares costi increasing the 
likelihood of available module types on hand in the event 
of failure. All like modules shall be fully interchangable 
and replaceable when power is on. 

Circuit board differences within the module -Cif more than 
one circuit card per module} shall also be held to a 
minimum to simplify manufacturing- Chip layout on the 
circuit boards shall be standardized for the purpose of 
reducing hole patterns to be drilled-, therefore-, reducing 
artwork layout costs and manufacturing costs- 

The largest reasonable number of test points shall be 
provided in a standardized pattern on all modules- Access 
to all circuit chip pins shall be provided for probing 
each chip signal directly or with module extenders- 
Packaging and logic design shall provide the ability of 
using "nodule extenders on all modules at some degraded 
clock speed which is unknown at this time. 

I 5-2-12 Forced Errors - For all checking circuits -CParity-. SEC/DED-. 
etc-} and status register indications-! there shall be a 
•nethod of forcing conditions -[programmable} so that checks 
can be made of the reliability circuitry- 



j 5-2. 



13 Programmable Clock Margins - Clock frequency must be 
program adjustable -Cvia SP}. 
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5-2. m Component Failure Rates - The following page has a list of 
component failure rates to be used in determining the 
reliability of the machine. These rates are subject to 
change as data improves- 
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5-2-15 Additional Considerations - Other possible considerations 

are residual coding for double error detection in arithmetic 
units or redundant arithmetic units which may be more 
feasible if MSI and LSI is usedn and redundancy in registers 
and other control areas- 
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ComponGnt Failure Rates* 



Component Type 



EC1-. 
ECL-. 
ECL-, 
ECL-. 



MOS-, 
MOSi 

nos-, 



IDK SSI 

IDK MSI 

SDK SSI 

2DK MSI 
ECL-. RAMS -Clb to b^ bits> 
ECL-. RAMS -CaSb to IDES bits> 

RAMS -Clt to t^ jits> 

RAMS -CSSt to 1DE^ bits> 

RAMS ^:^K bits} 

Terminators -CCeramic} 
PC BD Conn- 3SDD 
PC BI> Conn- bDDD 
PC BD Conn 7DDD 
Taper Pins 
Eyelets 
Uire Uraps 

Conn- Pins -CCable Conn.> 
flbDD Inter Bd- Conn- 
Circuit Boards 
3x3 Single Layer 
3 X 3 n Layers 
S X fl Single Layer 
S X fi n Layers 
Capacitorsn TANT -CSolidJ 
Capacitorsn Ceramic 
Solder Joints -CThru Bd> 
Solder Joints -CSurf ace/Lap} 
Uire Jumpers 
Silicon Diode -CLogicJ 



Failure Rate '/./IK hrs 

-DDl 

-ODES 

-DDM--DDfc 

-DDt--DD6 

-DD5--D1 

-Dl-.DE 

-DS 

-Da 

-DS-.l 

.DDDE--DD1 

-Dl-.DDT/Conn- 

-DD^--DD^/Conn- 

-Dl--D3/Conn- 

-DDDIE/Pin 

-DDD^ 

-DDDDDl 

-DDDDI3 

-DDD1E--DDDDE 

-DDE 

n-C-DDE> 

-DD33 

n-C-DD33> 

-DDE 

-DDDE5 

-DDDDli 

-DDDE 

-DDDDI3 

-DDDDS 



♦Subject to Change as Data Improves 
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DATE 

Dec. 


T-. n7M 


Sept. 3D-. n7H 


APPROVED 

ASL 


APPROVED 

NCR 


APPROVED 

CDC 


PAGE 


232 


532 



Reference 
Number 

DDl- 

DD2 

0D3 

ODM 

DOS 

00b 
007 

DOS 
00=i 

010 

Oil 

012 



Instruction Name 

Load Bytes to Xk from -CAjI displaced by D 
and indexed by -CXiJ Right ■» Length per S 

Load Bytes to Xk from -CAjl displaced by fli 
Length per S 

Store Bytes from Xk at -CAj} displaced by D 
and indexed by -CXi} Right i Length per S 

Store Bytes from Xk at -CAj}-. displaced by (3t Cfi-> CF 
Length per S 

Load Xk from -CAjJ displaced by fi*D and 
indexed by fi*-CXi} Right 

Load Xk from -CAj} displaced by fi*(2 

Store Xk at -CAjl displaced by fl*D and 
indexed by fi*-CXi> Right 

Store Xk at -CAj} displaced by fi*(3 

Load Bytes to Xk from -CAjl displaced by Bt 
and indexed by -CXi} Righti Length per XO 

Load Bytes to Xk from -CAjJ displaced by fln 
Length per XO 

Store Bytes from Xk at -CAj} displaced by D 
and indexed by -CXiJ Righti Length per XO 

Store Bytes from Xk at -£Aj> displaced by (2t 
Length per XO 



DOCUMENT 


SECTION 

Appendix A 


NCR 




CONTROL DATA | 




THIS 


REPLACES 


FILE 




' "-I 


ADVANCED SYSTEMS LABORATORY 


DATE 

Dec. 


T-. n7^ 


Sept. 30-. n7L 


APPROVED 

ASL 


APPROVED 

NCR 


APPROVED 

CDC 


PAGE 


233---. 


233 



Operation 
Code 


Format 


Page 
Number 




DO— » 


D7 


SjkiD 


27 


Reference 
Number 


CO-* 


C7 


Sjkfl 


27 


013 


Dfi-^ 


DF 


SjkiD 


27 


i D14 


T Cfi-> 


CF 


Sjkfl 


27 


: 015 


A2 




jkiD 


2fi 


; Olt, 


62 
A3 




2ka 
jkiD 


2a 
2a 


017 

i oia 


fi3 

A^ 




jk(2 
jkiD 


2a 

2T 


. on 

020 

i 


fi^ 




jkfl 


2T 


021 : 


AS 




jkiD 


2T 


022 -. 


fiS 




jk(2 


21 


023 
02 M 
025 



Instruction Name 

Load Bytes to Xk from -CP> displaced by (2i 
Length per j 

Load Bit to Xk from -CAjI displaced by (2 
and bit indexed by -CXOl- Right 

Store Bit to Xk from -CAjJ displaced by a 
and bit indexed by -CXQ} Right 

Load Ak from -CAjJ displaced by D and 
indexed, by -CXil- Right 

Load Ak from -CAj} displaced by Q 

Store Ak at -CAj} displaced by D and 
indexed by -CXi} Right 

Store Ak at -CAj} displaced by a 

Load Multiple Registers from -CAjJ displaced 
by a*k-i Selectivity per -CXOl Right 

Store Multiple Registers to -CAjl displaced 
by a*ki Selectivity per -CXO} Right 

Integer Sumi -CXk} replaced by -CXk} plus 
{Xj} 

Integer Difference! -CXk} replaced by 
•CXk> minus -CXj} 

Integer Product n -CXkJ replaced by -CXk} 
times -CXj} 

Integer Quotient n -CXk} re-placed by -CXkl 
divided by -CXj} 



Operation 
Code 


Format 


at 


jk(2 


aa 


jk(2 


ai 


jk(2 


AO 


jkiD 


ao 


jk(2 


Al 


jkiD 


ai 


jk(2 


10 


jk 


11 


jk 


2H 


jk 


25 


jk 


2b 


jk 


27 


jk 



G3 



HffKPBBI 



MIKHH 



DOCUMENT 


SECTION 

Appen^iiix A 


N C R 




CONTROL data! 


THIS 


REPLACES 


FILE 




T^ 


ADVANCED SYSTEMS LABORATORY 


DATE 

Dec. T-. n7M iSept. 3D-. n74 


APPROVED 

ASL 


APPROVED 

NCR 


APPROVED 

CDC 


PAGE 

23M 


B3H 



Appendix A 



N C R 




CONTROL DATA 1 


THIS 
FILE 


REPLACES 




ADVANCED SYSTEMS LABORATORY 


DATE 

Feb- Efl-. n75 


Dec. Tn n7M 


APPROVED 

ASL 


APPROVED 

NCR 


APPROVED 

CDC 


PAGE 

235 


235 



Instruction Name 



Operation 
Code 



Reference 
Number 

D2b Integer -CXk} replaced by Absolute -CXj} 23 
027 Integer Sumn {Xk} Right replaced by -CXkl 20 

Right plus -CXj} Right 
D2fl Integer Sum-i -CXk} Right replaced by -CXj} flA 

Right plus d 
02T Integer Sum-. -CXkl Right replaced by -CXkJ 2& 

Right plus j 

030 Integer Difference-. -CXk} Right replaced 21 
by -CXk> Right minus -CXj> Right 

031 Integer Difference! -CXk} Right replaced 2T 
by -CXk} Right minus j 

032 Integer Product-. -CXk} Right replaced by 22 
■CXk} Right times -CXj} Right 

033 Integer Product-. -CXk} Right replaced by flC 
•CXj} Right times (2 

03^ Integer Quotient-. -CXk} 23 

Right replaced by -CXk} Right divided by 

■CXj} Right 
035 Integer Compare -CXj} to -CXk}-. result to 2D 

XI Right 
03b Integer Compare -CXj} Right to -CXk} Righti 2C 

result to XI Right 
037 Branch to -CP} displaced by 2*(3 if -CXj} ^^ 

equal to -CXk} 
03a Branch to -CP} displaced by 2*(3 if -CXj} ^5 

not equal to -CXk} 
03'J Branch to -CP} displaced by 2*(2 if -CXj} ^b 

greater than -CXk} 
0^0 Branch to -CP} displaced by 2*(2 if -CXj} not ^7 

less than -CXk} 
Om Branch to -CP} displaced by 2*(2 if -CXj} ^0 

Right equal to -CXk} Right 
0M2 Branch to -CP} displaced by 2*(2 if -CXj} =11 

Right not equal to ■CXk} Right 
0M3 Branch to -CP} displaced by E*Q if -CXj} ^2 

Right greater than -CXk} Right 
OMM Branch to -CP} displaced by 2*r3 if -CXj} Right ^3 

not less than -CXk} Right 
D^5 Branch to -CP} displaced by 2*fl and TC 

increment -CXj} if -CXj} less 

than -CXk} 



MIKffSlill 



Format 


Page 


Reference 




Number 


Number 


jk 


m 


DMb 


jk 


M2 




jk(2 


M2 


0M7 
DMfi 


jk 


M2 


DMT 
050 


jk 


M2 


051 
052 - 


jk 


M2 


053 






D5M 


jk 


^3 


055 


jk(2 


^3 


05b 


jk 


^3 


057 
05fi 
05T 


jk 


^^ 


ObO 
Obi 


jk 


MM 


0b2 


jk(3 


M5 


0b3 
ObM 


jk(3 


^s 




jk(3 


^h 


Db5 


jk(2 


Mb 


Obb 


jk(3 


Mb 


Db7 


jk(3 


Mb 


Obfi 


jk(2 


Mb 


ObT 


jki3 


Mb 


070 


jk(3 


M7 


071 
n?? 



Instruction Name 



Operation 
Code 



Format Page 
Number 



1073 



Branch to -CP} displaced by 2*(2 if SEG^CAj} 

not equal to SEG-CAk}n else Compare BN-CAj} 

to BN^CAk}-. result to XI Right 

Branch to ■CP} indexed by 2* -CXk} Right 

Branch to ■CAj} indexed by 2* ■CXk} Right 

Copy to Xk from Xj 

Copy to Xk from Aj 

Copy to Ak from Aj 

Copy to Ak from Xj 

Copy to Xk Right from -CXj} Right 

Address ■CAk} replaced by -CAj} plus Q 

Address -CAk} replaced by -CP} plus 2*-CXJ} Right 

plus 2*(2 

Address -CAk} replaced by -CAk} plus -CXj} Right 

Enter Xk Right with plus j 

Enter Xk Right with minus j 

Enter Xk Right with sign extended (3 

Enter XO Right uith logical jk 

Enter Xk Left with signs per j 

Shift -CXj} to Xk Circular-. Direction and Count 

per -CXi} Right plus D 

Shift ■CXj} to Xkn Direction and Count per ■CXi} 

Right plus D 

Shift ■CXj} Right to Xk Right-. Direction and Count 

per -CXi} Right plus D 

Logical Sum ■CXk} replaced by -CXk} OR 

-CXj} 

Logical Difference-. -CXk} replaced by -CXk} 

XOR -CXj} 

Logical Product-. -CXk} replaced by -CXk} AND 

■CXj} 

Logical Complement-. -CXk} replaced by -CXj} 

Not 

Logical Inhibit-. -CXk} replaced by -CXk} AND 

-CXj} NOT 

Isolate Bit Mask into Xk per -CXi} Right 

plus D 

Isolate into Xk from Xj per -CXi} Right plus D 

Insert into Xk from Xj per-CXi} Right plus D 

Move Bytes Direct-. -CAk} replaced by ■CAj}-. 

per XD and XI 



TD 



jk(3 



M7 



2E 


jk 


MS 


2F 


jk 


M6.1 


OD 


jk 


MT 


OB 


jk 


MT 


01 


jk 


MT 


OA 


jk 


MT 


OC 


jk 


MT 


dE 


jkfl 


50 


fiF 


jk(3 


50 


2A 


jk 


50 


3D 


jk 


51 


3E 


jk 


51 


fiD 


jk(3 


51 


3F 


jk 


51 


IF 


jk 


51 


Afl 


jkiD 


52 


AT 


jkiD 


53 


AA 


jkiD 


53 


Ifl 


jk 


5M 


n 


jk 


5M 


lA. 


jk 


5M 


IB 


jk 


5M 


IC 


jk 


5M 


AC 


jkiD 


5b 


AD 


jkiD 


5b 


AE 


JkiD 


5b 


M5 


jk 


57 



HIKHll 



DOCUMENT 


SECTION 

Anoendiy A 


NCR 




CONTROL DATA | 




THIS 


REPLACES 


FILE 




•■■•-"..■q 


ADVANCED SYSTEMS LABORATORY 


DATE 

Dec- 


Tn l'=37^ 


Sept. 3D-. n7i 


APPROVED 

ASL 


APPROVED 

NCR 


APPROVED 

CDC 


PAGE 


23t 


23fc 



DOCUMENT 


SECTION 

Appendix A 


NCR 




CONTROL DATA | 




THIS 


REPLACES 




FILE 




_ '■'■- 


ADVANCED SYSTEMS LABORATORY 


DATE 

Dec- 


T-. n7M 


Sept. 3D-, n7 


APPROVED 

ASL 


APPROVED 

NCR 


APPROVED 

CDC 


PAGE 


237 


237 



Reference 
Number Instruction Name 

I D7M Decimal Sumn l>-CAk> replaced by l>-CAk> 

I plus I>-CAj> 

j D7S Decimal Difference! D-CAk> replaced by 

D-CAk} minus D-CAj> 
I 07t Decimal Product D-CAk> replaced by D-CAk> 
i times DCAj> 
D77 Decimal (Juotienti D-CAk} replaced by D-CAk> 

divided by D-CAjJ 
D7a Decimal Scale-, D-CAk> replaced by D-CAjJ 

scaled per -CXDJ Right 
D7T Decimal Scale Roundedi D-CAkJ replaced by 

rounded D-CAj> scaled per -CXDJ Right 
DSD Unimplemented Instruction 
Dfil Unimplemented Instruction 
Gfl2 Unimplemented Instruction 
Dfi3 Decimal Comparei D-CAj> to D-CAk>T result 

to XI Right 
U&^ Byte Compare-, D-CAj> to D-CAk>-. result to 

XI Righti index to XD Right 
DflS Byte Compare Collatedi D-CAj> to D-CAk>n 

both translated per ■CA7>i result to XI 

Righti index to XD Right 
Dflt Byte Scan While Non-Member-, D-CAk> for 

presence bit in D-CAj>-, index to XD Righti 

character to XI Right 
Da7 Unimplemented Instruction 
Oaa Byte Translate-, D-CAk> replaced by D-CAj}-, 

translated per •CA7> 
Da^ Move Bytes-, D-CAk> replaced by D-CAj> 
DTD Unimplemented Instruction 
DTI Byte Edit-, D-CAk} replaced by D-CAj} edited 

per ri'CA7} 
DT2 Numeric Move-, D-CAk} replaced by D-CAj}-, after E7 

formatting 
DT3 • Unimplemented Instruction 
DTM Descriptor Table Entry Movei F-Ckl} of 

D-CkD-, aiy replaced by F-Cjl} of D-CjD-. (20} 



mim Pill 



Operation 




Page Re 


ference 


Code 


Format 


Number Number 


ED 


jk(a/2 


72 


DTS 


El 


jk(a/2 


72 


DTb 


E2 


jk(3/2 


72 




E3 


jk(3/2 


72 


DT7 


EM 


jk(2/2 


7H 


D^a 


ES 


jk(3/2 


7H 
N/A 


DTT 
IDD 






N/A 


101 






N/A 




Eh 


jk(3/2 


7t ' 


102 


Ea 


jk(3/2 


77 


103 


ET 


jk(3/2 


77 


IDM 
IDS 


EA 


jk(2/2 


7T 


10b 






N/A 


107 


EB 


jk(2/2 


aD 


loa 


EC 


jkt2/2 


ai 








N/A 


IDT 


ED 


jkia/2 


fl2 


110 


"ter E7 


jk(2/2 


75 
N/A 


111 


EE 


jk(2/2 


aa 

1 


112 
113 

im 



Instruction Name 

Descriptor Table Entry Increment-, F-Ckl} of 

D-CkO-, (31} replaced by F-Ckl} of D-CkO-, (21} 

plus F-Cjl} of D-CjDn (20} 

Calculate Subscript and Move per D-CAj} times 

■CXD} Right-, result moved to D-CkO-i (21} and to 

XI Right 

Fit. Pt. Convert from Integer-, Fit. Pt. 

-CXk} formed from Integer -CXj} 

Fit. Pt. Convert to Integer-, Integer -CXk} 

formed from Fit. Pt. -CXj} 

Fit. Pt. Sum-, -CXk} replaced by -CXk} plus -CXj: 

Fit. Pt. Difference -CXk} replaced by -CXk} 

minus -CXj} 

Fit. Pt. Sum Unnormalized-i -CXk} replaced by 

■CXk} plus -CXj} 

Fit. Pt. Difference Unnormalizedi -CXk} replai 

by -CXk} minus -CXj} 

Fit. Pt. Product-, -CXk}- replaced by -CXk} 

times -CXj} 

Fit. Pt. (2uotient-, -CXk} replaced by -CXk} 

divided by -CXj} 

Fit. Pt. DP Sum -CXk-, Xk+1} replaced by 

-CXk-, Xk-Hl} plus -CXj-, Xj•^l} 

Fit. Pt= DP Difference -CXk-, Xk-fl} replaced 

by -CXk-, Xk-Hl} minus -CXj-, Xj-*-l} 

Fit- Pt. DP Product -CXk-, Xk-nl} replaced by 

-CXk-, Xk-i-1} times -CXjn Xj-^1} 

Fit. Pt. DP (2uotientn -CXk-, Xk-«-l} replaced 

by -CXk-, Xk-fl} divided by -CXj-, Xj-^1} 

Branch to -CP} displaced by 2*(2 if Fit. Pt. 

■CXj} equal to -CXk} 

Branch to -CP} displaced by 2*(2 if Fit- Pt- 

•CXj} not equal to -CXk} 

Branch to -CP} displaced by 2*(2 if Fit- Pt- 

•CXj} greater than -CXk} 

Branch to -CP} displaced by 2*(2 if Fit. Pt. 

■CXj} not less than -CXk} 

Branch to -CP} displaced by 2*(2 if Fit. Pt. 

Exception per j contained in Xk 

Compare Fit. Pt. -CXj} to -CXk}-, result to 

XI Right 



Operation 

Code Format 

EF jk(2/2 



FM 



jk(2/2 



Page 
Number 

aa.i 



Tl 





3A 


jk 


TT 




3B 


jk 


100 


} 


30 
31 


jk 
jk 


IDl 
101 




3a 


jk 


101 


ced 


3T 


jk 


101 




32 


jk 


103 




33 


jk 


IDM 




3^ 


jk 


105 




35 


jk 


105 




3t, 


jk 


lOb 




37 


jk 


107 




^a 


jk(2 


110 




TT 


jk(2 


lid 




TA 


jk(2 


110 




TB 


jk(2 


110 




TE 


jk(2 


111 




3C 


jk 


112 



i 



DOCUMENT 


SECTION 

Appendix A 


NCR 




eONTROL DATA J 




THIS 


REPLACES 


FILE 




ADVANCED SYSTEMS LABORATORY 


DATE 

Dec- 


T-. n7^ 


Sept- 3D-. n7W 


APPROVED 

ASL 


APPROVED 

NCR 


APPROVED 

CDC 


PAGE 


23a 


23fi 



DOCUMENT 


SECTION 

Appendix A 


NCR 




CONTROL DATA 1 




THIS 


REPLACES 


FILE 






ADVANCED SYSTEMS LABORATORY 


DATE 

Feb. 


2fi-. n7S 


Dec. T-. n74 


APPROVED 

ASL 


APPROVED 

NCR 


APPROVED 

CDC 


PAGE 


23T 


23T 



Reference 
Number 



115 



Instruction Name 



Operation 
Code 



lit 

117 
llfi 

in 

12Q 
121 
122 
123 
12H 

125 



12b 

127 

12a 
12T 
13D 
131 
132 

133 

13^ 

135 

13t 

137 

13a 

13=} 

mo 



Call per -CAi} displaced by a*I>-, Arguments Ab 

per -CAj}-. Static Link per -CAk> 

Call to -CP} displaced by 2*<a-i Arguments per BD 

-CAjJ-, Static Link per -CAk} 

Return qi\ 

Pop Db 

Unimplemented Instruction Dl 

Exchange 02 

Program Error □□ 

Interrupt Processor per -CXkJ 03 

Interrupt Product to Xk Right ID 

Load Bit to Xk Right from €Aj> bit indexed m 

by -CXO Right and set bit in Central Memory 

Compare -CXk} at -CAjJi if not equal i Load to is 

Xk from ■CAj>n if equali Store from XD at 

■CAj> 

Test Page -CAj} and Set Xk Right 

Load Page Table Index per -CXj> to Xk and 

Set XI Right 

Unimplemented Instruction 

Unimplemented Instruction 

Copy to Xk per -CXjJ 

Copy from Xk per -CXjJ 

Copy to Xk from Central Memory Maintenance 

Register at -CXj> Right 

Copy to Central Memory Maintenance Register at 

■CXj> Right from Xk 

Branch to -CPJ displaced by 2*fl and alter 

Condition Register! per jk 

Unimplemented Instruction 

Keypoint-i Class ji code equal to -CXkJ b1 

Right plus Q 
Unimplemented Instruction 

Purge Buffer k of Entry per -CXj} as 

Reserved Op Code-i Model Dependent 

Execute Algorithm^ Reserved Op Codei Model Ba-4 BF 

Dependent 

Unimplemented Instruction 



Format 

jkiD 

jkO 

jk 
jk 
jk 
jk 
jk 
jk 
jk 
jk 

jk 



lb 


jk 


17 


jk 


DE 
OF 

oa 


jk 
jk 
jk 


07 


jk 


'JF 


jk(3 



jk(3 

jk 
SJkfl 



Page 
Number 

130 
133 

135 
13b 
N/A 
13T 
12T 

ms 
m2 
mi 

mo 

ma 
mM 

N/A 
N/A 
151 
151 

m2 
m3 
m7 

N/A 
13T 

N/A 

152 
12T 
N/A 



Reference 
Number 



Instruction Name 



mi Unimplemented Instruction 

m2 Unimplemented Instruction 

m3 Integer Sumi -CXk} replaced by -CXj> plus Q 

mM Compare Bytes Direct -CAj} to -CAkl per XO 

and XI 
m5 Set Xk Right per j and -CXll Right 
mb Descriptor Field Insert from X-Registeri 

F-Ckl> of D -CkO-, (31> replaced by -CXj> 
m7 Descriptor Field Extract to X-Register-i 

Xk replaced by F-Cjl} of D-CjO-. (20> 
ma Descriptor Field Increment by X-Registern 

F-Ckl> of D-CkOi (21> incremented by -CXj} Right 
m^ Descriptor Field Decrement by X-Registern 

F-Ckl> of D-CkO-i (31> decremented by -CXjl Right 

150 Logical Product! -CAkJ replaced by -CAkl AND 
■CAj> per XO and XI 

151 Logical Sum-. -CAkJ-. replaced by -CAk} OR -CAjI 
per XO and XI 

152 Logical Difference! CAk} replaced by -CAk} EOR 
■CAj> per XD and XI 

153 Mov e an d Complement Bytes Directi -CAkJ replaced 
by -CAj} per XD and XI 

154 Move Immediate Data to D-CAk> 

155 Compare Immediate Data to D-CAk> 
15b Add Immediate Data to D-CAk} 
157 Load Ak with computed address per descriptor 

D{Aj} 
15a Load Xk from{D-CAj>> 
15T Store -CXj> into D-CAk> 



Operation 
Code 


Format 


Page 
Number 


aB 

MM 


jk(2 
jk 


N/A 
N/A 
3T 

5a 


IE 
FD 


jk 
jk(2/2 


5a. 2 

aT 


Fl 


jk(2/2 


aT 


F2 


jk(2/2 


TO 


F3" 


jk(3/2 


TO 


M2 


jk 


5a. 1 


MO 


jk 


5a. 1 


m 


jk 


5a. 1 


d M-sf^'S 


jk 


57 


FT 
FA 
FB 
FC 


jk(3/2 
jk(2/2 
jk(3/2 
jkfl/2 


T1.2 
T1.2 
T1.3 
Tl.M 


FD 
FE 


jk(2/2 
jk(3/2 


Tm 

Tl.M 



MKHH 



MKHll 



DOCUMENT 


SECTION 



N C R 




CONTROL DATA I 




THIS 


REPLACES 


FILE 




ADVANCED SYSTEMS LABORATORY 


DATE 

Feb. 


Efln n7s 


Dec- T-. n7M 


APPROVED 

ASL 


APPROVED 

NCR 


APPROVED 

CDC 


PAGE 


EMD 


2MD 



NCR 




CONTROL OATA J 


THIS 


REPLACES 


FILE 




ADVANCED SYSTEMS LABORATORY 


DATE 

Feb. Efln n7S 


Dec. T-. n7M 


APPROVED 

ASL 


APPROVED 

NCR 


APPROVED 

CDC 


PAGE 

Em 


Em 



APPENDIX B 



APPENDIX B 



OP 


Ref. 


Short NamG -CFormat jk> 


J 


k 


xo 


XI 


DD 


121 


Program Error 










Dl 


- 


Unimplemented Instruction 










02 


120 


Exchange 










03 


122 


Interrupt Processor 




X 






OH 


117 


Return 










OS 


13a 


Purge 


X 


Sub-op 






Ot 


iia 


Pop 










0? 


133 


Copy to C-M. Maint. Register 


X 


X 






Qfi 


132 


Copy from C.(1. Maint. Register 


X 


X 






DT 


OSl 


Copy to Ak from Aj 


A 


A 






OA 


0S2 


Copy to Ak from Xj 


X 


A 






OB 


OSO 


Copy to Xk from Aj 


A 


X 






OC 


0S3 


Copy to Xk from Xj-, Half word 


X 


X 






OD 


DMT 


" Copy to Xk from Xj 


X 


X 






OE 


130 


Copy from State Register 


X 


X 






OF 


131 


Copy to State Register 


X 


X 






10 


020 


Load Multiple Registers 


A 


Displace 


Select 




11 


021 


Store Multiple Registers 


A 


Displace 


Select 




12 




Unimplemented Instruction 










13 




Unimplemented Instruction 










m 


124 


Test and Setn Bit 


A 


X 


Index 




IS 


12S 


Compare and Swap 


A 


X 


Lock 




It. 


lE'a 


Test Page 


A 


X 






17 


127 


Load Page Table Index 


X 


X 




Mark 


la 


OkS 


Logical Sum 


X 


X 






n 


Obb 


Logical Difference 


X 


X 






lA 


Ob? 


Logical Product 


X 


X 






13 


Ota 


Logical Complement 


X 


X 






ic 


DbT 


Logical Inhibit 


X 


X 






ID 


123 


Logical Product/Interrupt Mask 




X 






IE 


ms 


Convert Mark to Boolean 


Sub-op 


X 




Argument 


IF 


Obl 


Extend Halfword Sign per j 


Sub-op 


X 







Op 


Ref. 


Short Name -CFormat jk> 


. j 




k 




XD 


XI 




20 


027 


Add Integer-. Halfword 


X 


X 






21 


030 


Subtract Integer-. Halfword 


X 


X 






22 


032 


Multiply Integer-. Halfword 


X 


X 






23 


034 


Divide Integer-. Halfword 


X 


X 




2M 


022 


Add Integer 


X 


X 




2S 


023 


Subtract Integer 


X 


X 






2b 


024 


Multiply Integer 


X 


X 






27 


025 


Divide Integer 


X 


X 






25 


02T 


Increase Halfword by j 


Operand 


X 






2T 


031 


Decrease Halfword by j 


Operand 


X 






2A 


DSb 


Add Address-. Halfword 


X 


A 






23 


D2b 


Convert to Absolute 


X 


X 






2C 


03b 


Compare Integer-. Halfword 


X unless 


X unless 




Mark 


2D 


055 


Compare Integer 


< unless 


X unless 




Mark 


2E 


047 


Unconditional Branch-. Intra-Segment 


- 


X 






2F 


OMa 


Unconditional Branch-. Inter-Segment 


A 


X 






30 


OTT 


Add Fit. Pt. 


X 


X 






31 


100 


Subtract Fit. Pt. 


X 


X 






32 


103 


Multiply Fit. Pt. 


X 


X 






33 


104 


Divida Fit. Pt. 


X 


X 






34 


IQS 


Add Fit. Pt.-, Double Precision 


X -C2> 


X -CSI 






3S 


10 b 


Subtract Fit. Pt.-. Double Precision 


X {23- 


X ■C2> 






3b 


107 


Multiply Fit. Pt.-. Double Precision 


X •C2> 


X -C2> 






37 


loa 


Divide Fit. Pt. -. Double Precision 


X ^l 


X {2} 






33 


101 


Add Fit. Pt.-, Unnormalized 


X 


X 






3=i 


102 


Subtract Fit. Pt.-. Unnormalized 


X 


X 






3A 


0^7 


Convert Integer to Fit. Pt. 


X 


X 






33 


o^a 


Convert Fit. Pt. to Integer 


X 


X 






3C 


114 


Compare Fit. Pt. 


< unless 


X unless Q 




Mark 


3D 


057 


Enter Halfword with plus j 


Operand 


X 






3E 
3F 
40 


osa 

ObO 
151 


Enter Halfword with minus j 
Enter Halfword^ with plus jk 
Logical Sum-. Direct 


Ooerand 


X 


Dest. Reg. 
Fill/Length 


Mark/Length 


Operand 


A 


A 


41 


152 


Logical Difference-. Direct 


















42 


ISO 


Logical Product-, Direct 


















M3 


153 


Move Complement-. Direct 


















44 


144 


Compare-. Direct 


















4S 


073 


Move-. Diract 




Y 


V 


Y 


4b 




Unimplemented Instruction 










7F 


i 


V ' 











MK E 



MIEl 



DOCUMENT 



NCR 




CONTROL DATA 1 




THIS 


REPLACES 


FILE 




"^ 


ADVANCED SYSTEMS LABORATORY 


DATE 

Feb. 


sfi-, n7s 


Dec. T-. l^m 


APPROVED 

ASL 


APPROVED 

NCR 


APPROVED 

CDC 


PAGE 


^^5 


S4E 



DOCUMENT 


SECTION . 


NCR 




CONTROL DATA 


THIS 


REPLACES 


FILE 






ADVANCED SYSTEMS LABORATORY 


DATE 

Dec T-. n74 




APPROVED 

ASL 


APPROVED 

NCR 


APPROVED 

CDC 


PAGE 

EM3 





APPENDIX B 



APPENDIX B 



Op 


Ref. 


Short Name -CFormat jkfl> 


3 


1 


k 


1 


xo 


XI 


fiO 


017 


Load A Bytesi Displaced 


A 


X 






ai 


on 


Store A Bytes-i Displaced 


A 


X 






BE 


ODb 


Load X Uordn Displaced 


A 


X 






&3 


OOfi 


Store X Uordi Displaced 


A 


X 






fiM 


GID 


Load X Bytesn Displaced 


A 


X 


Length 




fiS 


015 


Store X Bytesi Displaced 


A 


X 


Length 




fib 


013 


Load X Bytesi Displaced Relative 


Length-1 


X 






fi7 




Unimplemented Instruction 






Index 




fifi 


om 


Load X-. Bit 


A 


X 




6T 


DIS 


Store Xn Bit 


A 


X 


Index 




fiA 


oea 


Add Integepn Halfword plus (2 


X 


X 






SB 


143 


Add Integer-i Word plus a 


X 


X 






flC 


033 


Multiply Integer-! Halfword times (2 


X 


X 






fiD 


DS1 


Enter Halfword with a 


— 


X 






fiE 


OSM 


Add Address-. A plus (3 


A 


A 






fiF 


OSS 


Add Address-! X plus P plus d 


X unless 


A 






"JO 


om 


Branch Efl-. Halfword Integer 


X unless 


X unless 






^1 


042 


Branch NEi Halfword Integer 














12 


043 


Branch GTi Halfword Integer 














T3 


044 


Branch Not LT-i Halfword Integer 














1M 


037 


Branch Efl-i Integer 














IS 


03fi 


Branch NEi Integer 














lb 


031 


Branch GTi Integer 














17 


040 


Branch Not LT-i Integer 














16 


131 


Branch EQ-. Fit. Pt. 














11 


110 


Branch NE-. Fit. Pt. 














1A 


111 


Branch GT-. Fit. Pt. 


\ 


/ 


] 


/ 






IB 


112 


Branch Not LT-. Fit. Pt. 


• 








1C 


045 


Branch and Increment LT-i Integer 


X 


' X 




nark 


ID 


04b 


Branch NE-. SEGi else Compare BN 


A 


A 




IE 


113 


Branch Efl-i Fit. Pt. Exception 


Sub-op 


X 




IF 


134 


Branch/Alter-. Condition Register 


Bit 


Sub-op 





Op 



Op 


Ref. 


Short Name -CFormat jkiDJ 


J 


k 


J 




XD 


AD 


Olt 


Load A Bytes-i Indexed/Displaced 


A 


A 


X unless Q 




Al 


D16 


Store A Bytesi Indexed/Displaced 


A 


A 








A5 


DOS 


Load X Idardn Indexed/Displaced 


A 


X 








A3 


QD? 


Store X Uordn Indexed/Displaced 


A 


X 








A4 


DDT 


Load X Bytes-. Indexed/Displaced 


A 


X 






Length 


AS 


Dli 


Store X Bytes-. Indexed/Displaced 


A 


X 


\f 


Length 


Ab 


lis 


Call-. Displaced 


A 


A 


A 


Select 


A? 


- 


Unimplemented Instruction 










Afi 


ObE 


Shift Uord-, Circular 


X 


X 


X unless D 




AT 


Q'a3 


Shift Uordi End-off 


X 


X 


\f 




AA 


Dm 


Shift Halfword, End-off 


X 


X 




AB 


- 


UnlmplamsntGd Instruction 










AC 


073 


l^clatR Bit Mask 


- 


X 


X unless 




AD 


071 


Isolate Bit String 


X 


X 


i 




AE 


072 


Insert Bit String 


X 


X 




AF 




Uninplemsnted Instruction 











Op 


Rqf. 


Shjpc MaiTie -CFormat jkQ> 


J 


k 


XQ 


BD 
Bl 
BE 


13b 


Call-, Displaced Relative 

Keypoint 

Unimplemented Instruction 


A 
Code 


A 
Xx 

unless 
^D 


Select 



Op 


Ref. 


Short Na.-ne -CFormat SjkQ> 


j 


k 


Bfi 

BF 
CD 

a 
ca 

■1 

CF 


13T 
DDE 
DD4 


Execute Algorithm Q 

Load X Bytesi Displaced L^^l 

Store X Bytes-. Displaced L=l 

\ L=a 


- 


X 
X 
X 
X 
X 
X 



Short Name -CFormat SjkiD> 



Load X Bytes-i Indexed/Displaced-i L=l 

\ X 

store X Bytes-i Indexed/Displaced-. L=I 
J/ L=fi 



X unless 



•Y 



MffKHll 



MIIKHll 



NCR 




CONTROL DATA 


THIS 


REPLACES 


FILE 




ADVANCED SYSTEMS LABORATORY 


DATE 

Feb- Efl. n7S 


Dec. T-. nVM 


APPROVED 

ASL 


APPROVED 

NCR 


APPROVED 

CDC 


PAGE 

EMM 



























APPENDIX 


B 




1 Op 


Ref. 


Short Name -CFormat jk(a/2> 


JD 


jl 


kO 


kl 


A7 


XO 


XI 


ED 


D74 


BDP Numeric Sum 


* 


** 


* 


** 








El 


D7S 


Difference 
























EH 


D7t 


Product 
























E3 


077 


Quotient 
























EM 


D7fi 


Scale 




















s.c 




ES 


D7T 


Scale Rounded 




















s.c. 




Eb 


0fi3 


Compare 






















Mark 


E7 


ma 


Hove 
























Efi 


DBM 


Byte Compare 


















Count 


nark 


ET 


DfiS 


Compare Collated 














■; 


Table 


Count 


Mark 


EA 


Dfit 


Scan While Non-Hember 














i 




Count 


Find 


EB 


DBfl 


Translate 
















Table 






EC 


DfiT 


riove 














^/ 








ED 


mi 


Edit 






V 






Pattern 






EE 


014 


Descriptor Move 




1 


*** 






*** 








EF 
FQ 
Fl 
F2 


ms 
mb 

1M7 

ma 


Increment 
Insert 
Extract 
Increment by X 


' 


*** 












X i 


* 


*** 1 


Y 


X 1 


* 


*** 


F3 
FM 
FS 


IMT 

mb 

ISO 


Decrement by X 
Calculate Subscript 
Unimplemented Instruction 


) 




>/ 


*** 




Mult. 


>est. 


* 


** 










Ft 


rrsTD 


















F7 


a^^ 


















Fa 


'^^^ 


V 
















FT 


Immediate Data Hove 


Sub 


-op 


* 


* * 








FA 


ISS 


Compare 






i 


I 






nark 


FB 
FC 
FD 
FE 
FF 


ISb 
1S7 

isa 

1ST 


Add 
Load A-Register-i Computed Address 
Load X-Register-i BDP Data 
Store X-Register-i BDP Data 
Unimplemented Instruction 




I' 








* 


** 
** 


A 


y 




X 


iH 


** 













* : A4/A5 Selection 

** • Aa ■) AF Selection 

*** : Data Descriptor field designator 

S.C. : Shift Count 



nult: 
Dest: 



nultiplier 
Destination 



MIKPBlll 



